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EXPERIMENTAL  AND  GENERAL  THEORETICAL  RESEARCH 

UDC :  629.78:612.014.477-064 

FACTOR  ANALYSIS  OF  REACTION  TO  LOWER  BODY  NEGATIVE  PRESSURE  TEST  ON  THE 
GROUND  AND  DURING  SPACEFLIGHT 

Moscow  KOSMICHESKAYA  BIOLOGIYA  I  AVIAKOSMICHESKAYA  MEDITSINA  in  Russian  Vol  19, 

No  1,  Jan-Feb  85  (manuscript  received  20  Oct  83)  pp  4-5 

[Article  by  A.  D.  Voskresenskiy ,  V.  A.  Degtyarev,  V.  G.  Doroshev  and 
S.  L.  .Chekanova] 

[English  abstract  from  source]  The  method  of  main  components 
was  used  to  examine  separately  the  cosmonauts’  responses  to 
LBNP  tests  on  the  ground  and  in  space  flight.  The  factor 
structures  of  the  ground  and  flight  data  did  not  show  significant 
differences.  In  both  cases  the  first  factor  can  be  termed  the 
factor  of  venous  return  and  the  second,  the  factor  of  the  cardiac 
state.  The  first  two  factors  were  responsible  for  about  60%,  and 
the  first  three  factors  for  76-78%  of  data  scatter.  The  observa¬ 
tion  that  the  factor  structure  remains  unchanged  indicates  that 
LBNP  reactions  in  space  flight  can  be  evaluated  using  the  criteria 
applied  on  the  earth. 

[Text]  A  linear  discriminant  function  was  obtained  previously  [1]  for  a  sample 
of  25  preflight  and  25  postf light  observations,  which  permits  calculation  of 
overall  digital  assessments  of  reactions  to  lower  body  negative  pressure  (LBNP) . 
This  function  was  used  to  assess  LBNP  reactions  during  spaceflights,  when 
tolerance  to  tests  also  remained  quite  satisfactory.  The  overall  evaluations 
fluctuated  over  a  rather  wide  range,  but  on  the  whole  their  distribution  was 
similar  to  the  postflight  findings,  which  can  be  interpreted  as  intensification 
of  reaction  to  LBNP  during  long-term  exposure  to  flight  factors.  When  inter¬ 
preting  flight  data,  there  is  a  valid  question  of  whether  one  can  assess  inflight 
LBNP  reactions  using  the  same  criteria  and  set  of  parameters  as  are  used  in 
ground-based  studies.  We  shall  discuss  this  question  here  on  the  basis  of 
the  results  of  separate  factor  analysis  of  ground  and  flight  data  concerning 
cosmonauts'  reactions  to  the  LBNP  test. 

Methods 

Factor  analysis  is  one  of  the  procedures  of  analysis  of  variations  [2,  3,  5]. 
Factor  analysis  is  based  on  the  conception  that  there  is  a  small  number  of 
discrete  basic  parameters  or  properties  underlying  the  many  parameters  of  a 
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phenomenon  under  study  or  a  statistical  set  of  objects  that  can  be  measured 
directly.  They  characterize  the  internal  structure  of  the  object  and  determine 
the  significance  of  observed  features.  These  discrete  parameters  are  called 
factors.  Internal  factors  cannot  be  directly  measured,  but  their  correlation 
with  the  measured  tags  and  contribution  to  overall  dispersion  can  be  assessed. 

In  addition,  meaningful  interpretation  of  factors  is  possible,  i.e.,  a 
general  name  has  been  picked  for  each  factor.  For  example,  in  factor  analysis 
of  parameters  of  the  cardiovascular  system,  there  can  be  factors  with  names 
such  as  vascular  tonus,  condition  of  the  heart,  etc.  Ultimately,  we  are  dealing 
with  the  factor  structure  of  a  phenomenon  or  statistical  set  of  objects. 

The  intent  of  using  factor  analysis  in  this  study  was  to  compare  the  factor  struc¬ 
tures  of  the  reaction  to  LBNP  on  the  ground  and  in  flight.  If  the  same  factor 
structure  is  retained  in  flight  as  on  the  ground,  we  are  justified  in  believing 
that  the  set  of  parameters  used  to  assess  LBNP  reactions  and  correlations  between 
their  mass  remain  unchanged.  If,  however,  the  factor  structure  would  change 
appreciably,  the  question  arises  of  correcting  the  system  of  ratings  developed 
for  conditions  on  the  ground.  Using  the  method  of  main  components,  we  processed 
the  same  material  as  was  used  before  [1]  for  discriminant  analysis  of  LBNP 
reactions.  The  sample  of  ground-based  studies  consisted  of  50  cases  and  of 
flight  studies,  36.  Each  test  was  characterized  by  two  absolute  parameters 
(heart  rate — HR —  and  ejection  period — EP)  and  six  differences  between  values 
of  parameters  at  rest  and  during  the  test  (HR,  diastolic  and  pulse  pressure 
(BPjj  and  BPp,  rate  of  propagation  of  pulse  wave  over  vessels  of  the  elastic 
type — stroke  volume  and  cardiac  output — SV  and  CO).  Standard  programs 
were  used  for  the  calculations  [4]. 

Results  and  Discussion 

The  Table  shows  the  factor  structure  of  reactions  to  LBNP  on  the  ground  and 
in  flight.  The  first  3  factors  are  described,  since  they  together  determine 
about  75%  of  the  overall  scatter.  In  the  sampling  of  ground  data,  the  first 
factor  is  closely  interrelated  with  two  parameters,  changes  in  SV  and  CO.  The 
other  coefficients  of  correlation  are  low  or  do  not  reach  statistically  sign! 
ficant  levels.  The  combination  of  SV  and  CO  in  the  first  factor  allows  us  to 
assume  that  this  factor  reflects  the  conditions  of  formation  of  cardiac  output. 

The  decline  of  CO  during  exposure  to  LBNP  can  occur  with  different  degrees  of 
decline  of  SV.  Retention  of  a  rather  high  SV  is  indicative  of  relatively  good 
venous  return,  i.e. ,  optimum  conditions  for  cardiac  function.  Consequently,  we 
can  call  the  first  factor  the  "factor  of  venous  return."  The  second  factor 
combines  the  values  of  HR  and  EP.  We  know  that  there  is  a  rather  close 
correlation  between  these  parameters.  Deviations  of  EP  from  nominal 
values  for  a  given  pulse  rate  is  usually  related  to  changes  in  load  on  the 
heart  and  myocardial  contractility.  Obviously,  we  can  call  the  second 
factor  the  "factor  of  cardiac  state."  The  third  factor  is  closely  related 
only  to  changes  in  BPp. 

According  to  the  flight  data,  the  first  factor  is  also  verly  closely  related 
to  changes  in  SV  and  CO.  It  also  demonstrates  a  high  correlation  with  BPp 
changes.  The  level  of  the  latter  parameter  depends  on  several  conditions, 
the  main  ones  being  vascular  tonus  and  SV.  Consequently,  BPp  indirectly 
characterizes  conditions  at  the  cardiac  input — venous  return.  Thus,  the 
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move  of  BPp  into  the  first  factor  does  not  alter  proper  interpretation  of  this 
factor.  The  second  factor  is  entirely  identical  to  the  one  found  for  ground- 
based  conditions,  while  the  third  is  closely  correlated  only  with  BPd,  i.e., 
with  the  characteristic  of  vascular  tonus  which  was  previously  reflected  in  BPp. 


Factor  structure  of  LBNP  reaction  on  the  ground  and  in  flight 


Where 

studied 

Factor 

Id 

0. 

Coefficients  of 

mass  with  following  parameters 

HR 

Ahr 

-  ABPd 

ABP 

AVe 

EP 

ASV 

ACO 

On  the  ground 

First 

37 

■  0,027 

0,082 

0,305 

0,120 

0,238 

. 0,145 

-  0,736 

-  0,937 

(n  50) 

Second 

25 

■  0,772 

0,288 

0,118 

0,088 

0,186 

0,939 

0,050 

0,098 

Third 

16 

-0,053 

0,016 

-  0,134 

0,967 

0,199 

0,081 

0,260 

0,043 

In  flight 

First 

30 

0,129 

0,075 

-  -0,079 

0,877 

. 0,059 

0,202 

0,893 

0,605 

27 

0,873 

0,447 

. 0,084 

0,050 

0,048 

—0,896 

—0,105 

—0,21 1 

(n-  30) 

Third 

19 

--0,031 

0,035 

-0,980 

0,207 

0,134 

—0,149 

-0,066 

—0,075 

*Relative  contributions  to  overall  scatter. 


On  the  whole,  comprehensive  analysis  of  factor  structure  shows  that  weightless¬ 
ness  and  other  specific  flight  conditions  do  not  cause  significant  changes  in 
factors  determining  overall  scatter  of  features  of  LBNP  reaction.  The  propor¬ 
tion  of  factor  contributions  to  overall  scatter  also  is  virtually  the  same. 
Consequently,  inflight  reactions  to  LBNP  can  be  evaluated  according  to  the  same 
parameters  and  criteria  as  on  the  ground.  This  applies,  in  particular,  to 
overall  numerical  evaluations  obtained  with  use  of  the  linear  discriminant  func¬ 
tion  [1].  As  an  additional  finding,  it  is  noteworthy  that,  in  spite  of  the 
possible  flaws  in  the  method  of  calculating  SV,  this  parameter  was  closely 
correlated  with  the  first  factor.  This  stresses  the  paramount  significance  of 
venous  return  to  tolerance  to  LBNP  tests. 
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EFFECT  OF  SPACEFLIGHT  FACTORS  ON  HORMONAL  REGULATION  OF  FLUID-ELECTROLYTE 
METABOLISM 

Moscow  KOSMICHESKAYA  BIOLOGIYA  I  AVIAKOSMICHESKAYA  MEDITSINA  in  Russian  Vol  19, 
No  1,  Jan-Feb  85  (manuscript  received  20  Oct  83)  pp  6-8 

[Article  by  V.  Yu.  Semenov] 

[English  abstract  from  source]  This  paper  presents  the  results  of 
examinations  of  19  test  subjects  exposed  to  head-down  tilting  at 
-8  and  -15°  and  of  14  test  subjects  kept  in  water  immersion  for 
24  hours.  During  the  first  hours  of  exposure  the  renal  excretion 
of  water  and  monovalent  ions  increased.  Renin  and  aldosterone 
measurements  showed  that  changes  in  the  sodium  and  potassium 
excretion  were  produced  by  a  lower  activity  of  the  renin- 
angiotensin-aldosterone  system  in  the  first  1.5  hour  of  hypo¬ 
kinesia.  During  immersion  the  renal  excretion  of  calcium  and  mag¬ 
nesium  also  grew,  especially  in  the  evening  and  at  night.  The 
PTH  production  and  calcium  concentration  in  blood  increased,  thus 
augmenting  the  nephron  load.  The  diurenal  rhythms  of  the  renal 
excretion  of  potassium,  calcium  and  magnesium  remained  unchanged 
and  those  of  water,  osmotically  active  substances  and  sodium 
varied.  The  data  obtained  indicate  significant  changes  in 
water-salt  metabolism  and  its  regulation  within  the  first  hours 
of  head-down  tilt  and  water  immersion. 

[Text]  When  man  is  exposed  to  spaceflight  factors  there  are  changes  in  fluid- 
electrolyte  metabolism  and  in  activity  of  endocrine  glands,  which  are  very 
important  to  maintenance  of  the  hydroionic  status  [1-3,  12].  Most  studies 
pertained  only  to  fluid-electrolyte  metabolism  or  only  the  hormone  status  [11, 
13].  Attention  had  been  focused  on  mechanisms  of  adaptation  during  long-term 
exposure  to  spaceflight  factors.  At  the  present  time,  it  is  growing  very 
important  to  investigate  fluid-electrolyte  metabolism  and  the  systems  that 
control  it  at  the  initial  stage  of  adaptation  to  weightlessness.  Studies  in 
this  direction  will  probably  establish  the  pathogenetic  mechanisms  of  altera¬ 
tion  of  fluid-electrolyte  metabolism,  which  would  lead  to  development  of 
effective  preventive  methods  and  agents. 

Our  objective  here  was  to  investigate  excretory  function  of  the  kidneys  and 
hormonal  status  of  man  on  the  first  day  of  exposure  to  antiorthostatic 
hypokinesia  (AOH)  [head-down  tilt]  and  immersion  (IM) . 
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We  studied  19  healthy  men  submitted  to  AOH  (head  end  of  the  bed  tilted  to  -8 
and  -15°),  as  well  as  14  subjects  submitted  to  immersion.  The  tests  began  at 
0930-1000  hours.  Material  was  collected  for  24  h  before  IM  and  AOH  and  for 
24  h  during  these  exposures.  The  subjects  were  on  a  standard  food  allowance 
and  fluid  intake. 

We  analyzed  venous  blood  and  urine,  which  was  collected  periodically  at 
very  strictly  determined  times  of  day.  We  assayed  sodium  and  potassium  of 
blood  serum  by  flame  photometry,  calcium  by  titration,  magnesium  by  the  method 
of  atomic  absorption  flame  spectrophotometry,  creatinine  by  spectrophotometry 
using  the  Jaffe  reaction  with  picric  acid  and  osmotically  active  substances  by 
the  cryoscopic  method.  Hormonal  status  was  examined  on  the  basis  of  assaying 
blood  levels  of  the  following  hormones:  renin,  aldosterone,  adrenocorticotropic 
(ACTH) ,  parathyroid  (PTH)  hormones  and  cortisol;  for  this  purpose  we  used  the 
radioimmune  method  with  test  sets.  The  samples  were  counted  on  a  gamma  counter. 
In  analyzing  the  obtained  data,  we  compared  fractions  referable  to  the  same 
time  of  day.  The  results  were  submitted  to  processing  by  methods  of  variational 
statistics . 

Results  and  Discussion 

During  the  first  hours  of  exposure  to  conditions  simulating  the  physiological 
effects  of  weightlessness,  there  was  the  most  significant  increase  in  excretion 
of  fluid,  osmotically  active  substances,  sodium  and  potassium.  It  should  be 
noted  that  under  IM  conditions  excretion  of  the  analyzed  substances  differed 
little  from  background  values  for  the  first  1.5  h  after  immersion  (Table  1), 
whereas  under  AOH  conditions  there  was  increase  in  this  parameter  within  the 
first  1.5-3  h  (Table  2).  However,  on  the  whole  the  changes  in  fluid-electrolyte 
metabolism,  as  well  as  in  hormonal  status,  under  IM  and  AOH  conditions,  at  -8  a 
and  -15°,  were  virtually  the  same,  but  somewhat  more  marked  with  IM. 

Table  1.  Excretion  in  urine  of  fluid  (m£/min) ,  osmotically  active  substances 
(yosmol/min) ,  sodium  and  potassium  (yeq/min)  before  and  on  first 
day  of  immersion 


Time 

of 

study 

Fluid 

Sodium 

Potassium 

Osmotically  ac¬ 
tive  substances 

BG 

IM 

BG 

IM 

BG 

IM 

BG 

IM 

1130 

1500 

1  900 

2300 

0700 

1, 34+0.20 
0,83±0.04 
1,11±0,12 
0,86±0,08 
0,69+0.09 

!,35±0.19 

2,08±0.30** 

1,59±0,27 

1.59±0,I6** 

0.71±0,04 

119:615,3 

14 !  ±15, 1 
156:623,8 
154±26, 1 
6S±  11,6 

12I±I5,0 

237:637,7* 

274±!9,7* 

293:628.2** 

1  M  ±5,5** 

60±9,1 

44  ±4,2 
48±5,l 
37±3,6 
19±4,1 

68±!0,1 

8!  ±12,7* 
53±!2, 1 
53±8,5 
25±2,5 

746±G9, 1 
729±62,l 
816±92.9 

84  9±  111.0 
523±82,8 

796±61 ,6 
1070±  1 22  »•!  * 

1081  ±183,6*  * 
1242±151 ,5*  * 
6)0±39,44 

Note:  Here  and  in  Tables  2-4,  one  asterisk  indicates  P<0.05  in  relation  to 
background  and  two,  P<0.01. 

Key:  BG)  background  [here  and  in  Table  2] 

) 
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Table  2.  Excretion  in  urine  of  fluid  (m£/min),  sodium  and  potassium  (yeq/min) 
before  and  on  first  day  of  AOH 


Time  of 
study 

j  Fluid 

Sodium 

Potassium 

BG 

AOH 

BG 

AOII 

BG 

AOH 

1300 

0,94  -t0, 07 

1,46+0,37* 

152+12,3 

189+38,1* 

74+5,9 

83+15,5 

1800 

1,20:4-0,08 

1,37+0,14 

195+14,2 

228+25,3* 

68+8,1 

69+7,2 

2300 

1,05±0,17 

1,15+0,19 

164+21,5 

209+40,2* 

45+6,0 

42+13,2  ' 

0800 

0.7.3+0,09 

0,77+0,08 

101  +  15,7 

153+22,4 

33+4,1 

31+3,7 

Table  3.  Blood  hormone  concentrations  before  and  on  1st  day  of  IM  and  AOH  (-15°) 


Hormone 

Load 

Back- 

Time  of  study,  hours 

ground 

1.5 

5 

24 

Renin,  ng/m£/h 

IM 

2,33+0,27 

1 ,58+0,25* 

1,99+0,31 

Aldosterone,  pg/m£ 

AOH 

IM 

2,41+0,18 

82+13,6 

0,73+0,16* 

78+8,1 

0,74  +  0,20* 

3,97+1,30 

84+16,2 

AOH  . 

55+15,5 

11  +  10,0* 

2+0,70* 

144+28,2 

ACTH,  pg/m£ 

IM 

14.3+1,71 

14,4+1,24 

11,4+1,81 

AOH 

23,0+4,00 

19,3+9,29 

16,4+7,95 

12,6+0,96 

Cortisol,  ng/m£ 

IM 

148+23,3 

154+24,4 

188+31,5 

AOH 

140+83,5 

198+51,1 

53+8,3 

256+24,5 

PTH,  ng/m£ 

IM 

0,88+0,15 

1,13+0,19* 

1,08+0,12 

Concurrently  with  increase  in  renal  excretion  of  sodium  during  AOH,  already 
in  the  first  1.5  h  after  starting  the  experiment  there  was  decline  in  blood 
renin  and  aldosterone  levels  (Table  3) .  With  exposure  to  IM,  blood  aldo¬ 
sterone  concentration  virtually  failed  to  differ  from  the  base  value  for 
the  first  1.5  h  after  immersion,  and  this  was  consistent  with  changes  in 
excretion  of  sodium  in  urine. 

Analogous  changes  had  been  demonstrated  previously,  and  they  had  been  attri¬ 
buted  primarily  to  diminished  activity  of  mineralocorticoids  and  ADH  due  to 
change  in  afferent  impulsation  from  volumoreceptors  and  baroreceptors  of  the 
atria  and  low-pressure  vessels  [6,  9,  10]. 

In  addition  to  increase  in  excretion  of  fluid  and  monovalent  ions  in  the 
tests  with  IM,  there  was  increased  excretion  of  calcium  and  magnesium,  which 
reached  maximum  values  in  the  evenings  (Table  4) .  At  the  same  time,  there 
was  an  increase  in  blood  calcium  content,  to  4.6+0.12  meq/2,  versus  4.0±0.22 
meq/£  in  the  background  period,  which  led  to  a  greater  load  on  the  nephron  and, 
perhaps,  stimulation  of  synthesis  of  thyrocalcitonin  [7],  which  diminishes 
calcium  reabsorption  in  the  renal  tubules  [5,  8],  The  increase  in  blood  calcium 
concentration  was  apparently  related  to  increased  PTH  production,  a  higher 
level  of  which  had  been  demonstrated  in  blood  as  early  as  1.5  h  after  submersion 
in  the  immersion  medium  (see  Table  3).  Under  these  conditions,  the  increased 
PTH  production  could  have  been  related  to  the  body's  stress  reaction  to 
unusual  living  conditions  [14].  However,  an  increase  in  blood  ACTH  and  cortisol 
content,  which  is  inherent  in  adaptation  reactions,  was  not  always  demonstrable 
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(see  Table  3).  It  should  be  noted  that,  not  infrequently,  we  observed 
dissociation  between  changes  in  blood  ACTH  and  cortisol  concentrations.  Ana¬ 
logous  dissociation  had  been  demonstrated  in  a  postflight  testing  of  cosmo¬ 
nauts  [12],  which  suggested  inadequate  increase  in  ACTH  activity  and  intensi¬ 
fication  of  its  extraadrenal  action  [4]. 

Table  4.  Excretion  in  urine  of  calcium  and  magnesium  (yeq/min)  before  (I) 
and  on  1st  day  (II)  of  immersion 


Period  of 

Time  of  s 

study 

study 

1130 

1500 

1900 

2300  | 

0700 

Calcium  1 

5,9±0,92 

il,C±i,87 

10,7±1,71 

12,9±3,18 

G,9±l,14 

11 

7.3:1:1,18 

10,7±1,28 

12,8±2,03 

16,S±2,75 

8,6±1,48 

Magnesium  1 

4,7±0,52 

7,0±0,84 

7,2±)  ,22 

8,0±1,31 

5,1  ±1,1 9 

11 

5,1  ±0,68 

6,1  ±0,93 

8,7±1 ,61 

10, 6±  1,05 

8,0±  1 , 17* 

Thus,  the  change  to  IM  and  AOH  conditions  is  associated  with  increase  in  renal 
excretion  of  fluid,  osmotically  active  substances,  sodium  and  potassium  in 
the  morning  and  daytime,  as  well  as  calcium  and  magnesium  in  the  evening  and 
nighttime  hours  of  the  first  day  of  the  study.  This  is  associated  with  a 
change  in  circadian  rhythm  of  excretion  of  fluid,  sodium  and  osmotically 
active  substances.  The  demonstrated  changes  in  fluid-electrolyte  metabolism 
are  largely  attributable  to  diminished  activity  of  the  renin-angiotensin- 
aldosterone  system,  changes  in  activity  of  glucocorticoids  and  increase  in 
PTH  concentration  in  blood  serum. 
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[Article  by  I.  G.  Popov  and  A.  A.  Latskevich] 

[English  abstract  from  source]  The  content  of  valine  was 
measured  in  plasma  of  6  healthy  male  test  subjects  who  were 
either  on  a  normal  or  Salyut-5  space  diet  for  30  days.  The 
measurements  were  performed  with  the  aid  of  a  Hitachi  KLA-3B 
amino  acid  analyzer.  Unlike  other  studies,  blood  samples  were 
drawn  every  5  days.  The  results  suggest  that  the  postflight 
decrease  of  the  valine  content  is  associated  with  the  food 
composition.  This  makes  it  necessary  to  improve  the  amino  acid 
composition  of  space  diets  and  the  technology  of  their  manufac¬ 
ture.  The  foodstuffs  used  in  the  recovery  period  should  be 
supplemented  with  amino  acids,  particularly  valine,  to  compensate 
for  enhanced  anabolic  processes. 

[Text]  Investigation  of  free  amino  acid  levels  in  blood  plasma  of  cosmonauts 
after  completion  of  missions  revealed  changes  in  concentrations  of  a  number 
of  amino  acids,  as  compared  to  preflight  status  [7,  8,  12,  19].  The  demonstrated 
changes  were  due  to  the  effect  of  the  set  of  spaceflight  factors,  including 
the  specific  diet. 

Among  the  essential  amino  acids,  a  decline  in  concentration  of  which  was  noted 
after  missions,  valine  (a-aminoisovalerianic  acid  referable  to  nonpolar  or  hydro 
phobic  amino  acids)  merits  serious  attention;  one  can  assess  the  body's  supply 
of  nutritional  protein  from  its  level  in  plasma  [13,  18]. 

It  is  interesting  to  test  the  effect  of  cosmonauts'  diets  on  plasma  valine 
content  without  the  concurrent  effect  of  other  flight  factors. 

We  report  here  the  results  of  a  study  of  plasma  valine  content  in  male  subjects 
given  the  space  diet  developed  for  the  crews  of  Salyut-5  for  30  days. 


Methods 

In  the  base  period,  the  subjects  were  on  an  individual,  unregulated  diet;  then, 
for  30  days  (experimental  period)  they  were  given  the  standard  daily  food 
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allowance  for  cosmonauts,  which  had  been  used  in  the  missions  aboard  Salyut-5 
spacecraft  (first  and  second  missions).  The  schedule  called  for  three  meals. 

A  mandatory  condition  was  to  consume  all  of  the  food  offered.  We  used  six 
variants  of  daily  diets  that  made  it  possible  to  schedule  meals  on  a  6-day 
menu.  After  staying  on  the  space  diet  for  30  days,  the  subjects  again  changed 
to  individual,  unregulated  diet  (recovery  period).  At  all  stages  of  the 
study,  the  subjects  performed  their  customary  work  within  the  limits  of 
occupational  group  I  of  physiological  dietary  standards  of  the  Institute 
of  Nutrition,  USSR  Academy  of  Medical  Sciences,  set  in  1982  (2700-2800  kcal  or 
11,715-11,297  kJ).  Thus,  in  the  course  of  testing  plasma  valine  content,  there 
was  change  only  in  the  diet,  while  living  conditions  were  virtually  unchanged. 

A  total  of  6  healthy  men  18  to  40  years  of  age  participated  in  the  studies. 

Venous  blood  samples  were  drawn  in  the  mornings,  on  a  fasting  stomach,  every 
5  days,  which  distinguished  this  investigation  from  most  others,  when  blood 
was  taken  considerably  less  often. 

We  also  assayed  valine  and  threonine  content  of  the  foods  in  all  6  diets 
of  the  Salyut-5  crews. 

Blood  samples  were  prepared  for  analysis  by  the  standard  method  [7,  8,  12,  15]. 
Valine  content  of  plasma  and  foods  was  determined  using  a  KLA-3B  automatic  amino 
acid  analyzer  of  the  Hitachi  firm. 

Nutritional  value  of  the  daily  food  allowance  of  cosmonauts,  which  we  used  in 
our  studies,  was  as  follows:  98  g  protein,  137  g  fat,  317  g  carbohydrate,  with 
an  energy  value  of  about  2980  kcal  (estimates  for  the  assimilated  part  of  the 
food  allowances) . 

Results  and  Discussion 

In  the  base  period,  during  their  routine  activities  and  on  their  usual  individual 
diets,  plasma  valine  content  was  in  the  range  of  1.93-2.52  mg%  in  all  6  subjects, 
the  mean  concentration  being  2.35+0.09  (Table  1).  The  demonstrated  concentrations 
correspond  to  the  physiological  fluctuations  of  this  amino  acid  in  blood,  which 
are  cited  in  the  "Great  Medical  Encyclopedia"  (BME) ,  3d  edition  [1]  as  the 
"approximate  data  for  adults."  It  should  be  noted  that  this  BME  "norm"  was  ob¬ 
tained  on  the  basis  of  generalization  of  the  data  of  a  number  of  authors  who 
tested  men  and  women  of  different  ages  in  diverse  occupations,  whose  diets  were 
different,  and  nonidentical  investigative  methods  and  equipment  had  been  used. 

For  this  reason,  it  is  not  surprising  that  a  rather  wide  range  of  fluctuations 
of  valine  concentration  is  suggested  as  the  norm,  with  a  1.5  mg%  range  (see 
Table  1).  Such  a  wide  range  of  concentrations  is  indicative,  in  particular, 
of  significant  variability  of  alimentary  protein  supply  in  the  body,  primarily 
animal  protein.  The  subjects  also  presented  significant  fluctuation  of  plasma 
valine  concentration  due  to  dissimilar  intake  in  food,  its  individual  metabolism 
and  reserve  of  this  amino  acid  in  the  body.  However,  the  range  of  fluctuations 
of  valine  concentration  in  the  subjects  was  still  noticeably  narrower  than 
would  follow  from  the  data  cited  in  BME  [1]. 
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Table  1.  Valine  concentration  in  plasma  of  subjects,  Salyut-5  crew  members, 
as  well  as  individuals  of  different  ages  and  occupations  according 
to  data  of  several  authors 


Individuals  tested 

Valine, 

mg% 

Data  from 
literature 

Valine,  mg% 

Dynamics  of 
fluctuations 

Subjects: 

A-v 

2.44 

I . S . Balakhovskiy [ 1 ] 

1.5-3.0(2.25) 

1.5 

N-v 

2.52 

G.  Muller  [17] 

1.36-2.66(1.99) 

1.3 

L-ch 

2.34 

M-n 

2.53 

D.  Dimmer  [14]  and 

N.V.  Semenov  [11] 

2.37-3.71(3.04) 

1.34 

K-v 

2.38 

Sh-s 

1.93 

Group  mean  (M±m) 

2.3510.09 

B.I.Zbarskiy,  N.I. 

Ivanov  and  R.R. 

Mardashov  [3] 

2. 2-3. 2  (2.7) 

1.0 

S. Moore  and 

W.  Stein  [16] 

2.88 

fluctuations: 

N.N. Pushkina  [10] 

degree 

0.59 

& I.B.Zbarskiy  [4] 

range 

1.93-2.52 

A .  S . U shakova  and 

T.F. Vlasova  [19] 

(n=80) 

2.54±0.06 

Salyut-5  crew,  pre- 

Our  data  [9] 

flight:  first 

(healthy  adult 

mission  [7] — CDR 

2.80 

males,  n  =  124) 

2.33+0.02 

FLE 

2.06 

second  mission  [8] 

CDR 

2.22 

FLE 

2.71 

cosmonaut  group 

(n  =  4) ,  range  of 

fluctuations 

2.06-2.80 

(2.45) 

degree  of  fluctuat. 

0.74 

Plasma  valine  levels  in  the  base  period  were  also  in  the  physiological  range 
cited  for  healthy  males  in  the  manual  of  G.  Muller  [9],  who  gives  a  somewhat 
narrower  range  of  concentrations  than  indicated  here  and  a  lower  bottom  of 
the  normal  range.  Judging  from  the  physiological  standards  suggested  by  a 
number  of  other  authors  [3,  11,  14],  valine  concentration  was  below  the 
bottom  of  the  physiological  range  in  only  1  of  our  subjects  (Sh-s) .  There 
was  also  a  subject  (L-ch)  with  plasma  valine  concentration  close  to  the  bottom 
of  the  normal  range.  If  we  were  to  be  guided  by  the  mean  values  suggested 
previously  [4,  10,  16],  all  of  the  subjects  had  lower  than  normal  concentrations 
of  valine  in  the  base  period.  According  to  A.  S.  Ushakov  and  T.  F.  Vlasova 
[19],  who  tested  valine  in  80  healthy  males  by  a  method  identical  to  ours, 
plasma  valine  content  was  below  the  mean  in  4  subjects.  Previously,  in  a 
screening  of  124  healthy  men,  we  established  a  mean  valine  concentration  of 
2.33±0.02  mg%  [9],  i.e.,  somewhat  lower  than  the  means  cited  in  [4,  10,  16,  19], 
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but  within  the  range  of  physiological  fluctuations  cited  in  fl,  11,  14,  17]. 

A  comparison  to  our  physiological  norm  revealed  that  plasma  valine  content  m 
the  base  period  was  relatively  low  in  only  one  subject  (Sh-s) ,  normal  in  1 
subject  (L-ch)  and  somewhat  above  normal  in  4  subjects.  On  the  whole,  however, 
for  the  group,  the  mean  indicators  of  plasma  valine  content  were  very  close  to 
the  levels  we  previously  found  in  a  screening  of  124  healthy  men  18  to  45  years 
old  under  ordinary  living  conditions,  in  a  temperate  climate  zone  and  with 
unregulated  diet  [9]. 

Thus,  in  the  base  period,  plasma  valine  content  was  within  the  physiological 
range  in  most  subjects,  but  the  greater  part  of  them  presented  a  level  that  was 
slightly  below  the  mean  "norm."  Valine  concentration  in  plasma  could  be 
assessed  as  somewhat  low  in  only  one  subject  (Sh-s)  [3,  4,  9,  10,  11,  14,  16J. 

Analysis  of  plasma  of  the  crew  of  Salyut-5  during  the  period  of  preflight  train¬ 
ing  revealed  that  valine  content  was  higher  in  two  cosmonauts  than  in  all  of 
the  subjects  in  the  base  period  and  in  the  two  others,  lower  than  in  most  of  our 
subjects  (see  Table  1).  The  range  of  fluctuations  of  valine  concentrations 
in  this  group  of  cosmonauts  (n  =  4)  was  wider  than  in  our  subjects  in  the  base 
period,  in  spite  of  the  fact  that  it  would  appear  the  cosmonauts  had  more 
homogeneous  living  conditions  and  diet  than  our  subjects. 

Table  2  lists  the  results  of  assaying  plasma  valine  content  in  our  subjects  on 
the  5th,  10th,  15th,  20th,  25th  and  30th  days  of  using  the  Salyut-5  space 
diet,  with  retention  of  ordinary  living  conditions  on  the  ground. 

On  the  5th  day  of  the  test  period,  2  subjects  presented  elevation  and  2  others 
decline  of  plasma  valine  concentration.  In  the  other  2  subjects,  the  con¬ 
centration  remained  at  virtually  the  base  level  (if  we  proceed  from  the  fact 
that  the  method  had  a  margin  of  error  of  ±2%).  The  range  of  fluctuations  o  _ 
concentrations  in  the  group  as  a  whole  broadened  due  to  changes  in  concentrations 
in  both  the  direction  of  decrease  and  increase.  Mean  plasma  valine  concentration 
for  the  group  of  subjects  showed  virtually  no  change  (-2.13%). 

The  next  time  blood  was  drawn,  on  the  10th  day  of  the  space  diet,  2  subjects 
showed  lower  plasma  valine  concentration  and  1,  higher  than  in  the  base  perio  . 

It  remained  virtually  at  the  initial  level  in  the  remaining  3  subjects  although 
there  was  a  general  tendency  toward  decrease  in  concentration  of  this  amino 
acid.  As  compared  to  the  status  on  the  5th  day,  4  subjects  presented  a  tendency 
toward  further  decline  of  plasma  valine.  However,  the  concentration  of  valine 
increased  to  the  base  level  and  became  more  "favorable"  than  on  the  5th  ay 
in  1  subject  (Sh-s). 

Analysis  of  the  dynamics  of  plasma  valine  content  in  the  base  period  and  on  the 
5th  and  1st  days  of  the  test  period  leads  us  to  conclude  that  there  was  - 
fluctuation  of  valine  concentration  in  at  least  half  the  subjects  (A-v,  N-v, 

K-v)  in  relation  to  the  base  status.  Only  1  subject  (L-ch)  revealed  a  pro¬ 
gressive  decline  of  valine  level  on  the  5th  and  10th  days  of  intake  of  the  space 
diet.  In  the  group  as  a  whole,  the  fluctuations  of  plasma  valine  concentration 
and  their  range  on  the  10th  day  were  virtually  the  same  as  in  the  base  period, 
but  somewhat  less  marked  than  on  the  5th  day  of  the  test  period.  Due  to  the 
tendency  toward  decrease  in  valine  concentration  in  most  subjects,  its  mean 
(M)  on  the  10th  day  dropped  somewhat,  as  compared  to  the  base  period  and  5th 

day  of  experimental  diet. 
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Table  2.  Plasma  valine  content  in  subjects  on  usual  diet  and  with  30-day  use  of 
space  diet  on  the  ground 
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On  the  15th  day  on  the  space  diet,  2  subjects  presented  lower  plasma  valine  level 
than  in  the  base  period,  2  had  a  higher  level,  and  2  showed  virtually  no  change. 
We  were  impressed  by  the  fact  that  continuing  decrease  m  valine  concentration 
on  the  15th  day  was  found  in  only  1  subject  (L-ch) .  Continuous  increase  in 
valine  content  of  plasma  was  not  demonstrable  in  any  subjects,  m  one  case 
(Sh-s) ,  where  there  was  a  relatively  low  valine  concentration  in  the  base 
period,  as  well  as  on  the  5th  and  10th  days  of  space  diet,  it  increased 
drastically  on  the  15th  day  (by  42%)  and  reached  normal  value  according  to  U, 

1  9  11  14  17  19].  On  the  whole  for  the  group,  mean  valine  concentration 

was  virtually  restored  to  the  base  level.  There  were  more  marked  fluctuations 
of  valine  concentration  and  the  range  was  broader  on  the  15th  ay  o. 
period  than  in  the  base  period  and  on  the  10th  day  of  space  diet,  but  corres¬ 
ponded  approximately  in  range  of  fluctuations  to  the  5th  day  of  the  experimental 

period. 

On  the  20th  day  of  the  test  period,  plasma  valine  concentration  was  lower  in 
4  subjects  than  in  the  base  period,  it  was  higher  in  1  case  and  remained  at 
virtually  the  base  level  in  another.  As  compared  to  the  status  on  the  15th 
day,  valine  concentration  decreased  in  half  the  subjects  and  increased  in  the 
other  half.  In  only  1  subject  (L-ch)  valine  content  was  below  the  base  level 
on  the  20th  day,  as  it  was  on  the  5th,  10th  and  15th  days  In  pother  case 
(Sh-s) ,  after  the  increase  in  valine  concentration  on  the  15th  day  to  the 
normal  mean  values  according  to  [1,  3,  4,  9,  10,  16,  19],  there  was  ano  er 
decline  on  the  20th  day  to  the  base  level,  which  had  been  low.  The  range 
fluctuations  in  valine  levels  on  the  20th  day  was  somewhat  broader  than  in  the 
base  period  and  on  the  10th  experimental  day  due  to  lowering  of  the  b< ““ 
limit  of  concentrations.  However,  it  was  narrower  than  on  the  5th  and,  parti 
cularly,  15th  day  of  the  test  period.  Mean  concentration  of  valine  in 
group  as  a  whole  was  lower  than  in  the  base  period  or  on  the  5th,  10th  and  15th 
days  of  the  test  diet.  Thus,  in  the  group  of  subjects  as  a  whole,  there  was 
more  marked  tendency  toward  decrease  in  plasma  valine  concentration  on  the  20th 

day  of  the  space  diet. 

On  the  25th  day  of  the  space  diet,  plasma  valine  concentration  was  belo»  the 
initial  level  in  5  out  of  6  subjects  and  almost  corresponded  to.  the 
status  in  1  subject  (Sh-s)  with,  however,  a  tendency  toward  decline.  It  should 
be  noted  that  this  subject  continued  to  have  a  relatively  low  plasma  yal 
level  In  1  case  (L-ch),  valine  level  improved  somewhat,  as  compared  to  the 
status  on  the  5th,  10th,  15th  and  20th  days.  The  range  of  fluctuations  in 
valine  concentrations  for  the  group  of  subjects  as  a  whole  became  narrower 
than  in  the  base  period  and  status  on  the  5th,  10th,  15th,  20th  days  of  h 

period,  due  lo  predominant  decline  of  the  top  of  the  range  of  fluctuations. 
Mean  valine  concentration  in  the  group  of  subjects  was  lower  than  in  the  base 
period  and  on  the  5th,  10th  and  15th  days  of  space  diet.  On  the  30th  day  of 
the  space  diet,  the  general  tendency  toward  decrease  m  plasma  valine  conten 
was  still  present  and  even  became  more  marked.  Plasma  valine  concentra  ion 
was  lower  L  all  six  subjects  than  in  the  base  period.  Mean  valine  concentra¬ 
tion  for  the  group  of  subjects  was  13.6%  lower  than  in  the  base  period,  and 
tSs  was  the  lowest  in  the  test  period.  The  range  of  fluctuations  of  valine 
concentrations  was  wider  than  in  the  base  period,  with  a  shift  in  the  directio 
of  decline  in  absolute  concentrations. 
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Plasma  valine  concentration  remained  within  the  range  of  physiological  fluctua¬ 
tions  [1,  17]  in  all  6  subjects  during  the  30-day  period  of  our  study.  At  the 
same  time,  judging  by  the  "norm"  cited  in  [3,  4,  9-11,  14,  19],  plasma  valine 
content  was  low  in  2  subjects  on  the  5th  and  10th  days,  and  more  so  than  in  the 
base  period. 

On  the  15th  day,  valine  concentration  was  lower  than  cited  in  [3,  11,  14]  in  only 
1  subject.  At  this  time,  all  subjects  had  a  valine  concentration  that  was  below 
the  mean  "norm"  according  to  [4,_10,  16],  but  this  applied  to  only  4  of  them 
according  to  [1].  According  to  our  data  [9],  valine  concentration  was  appre¬ 
ciably  lower  than  the  mean  in  only  one  subject. 


According  to  the  standards  cited  in  {11,  14],  plasma  valine  concentration  on  the 
25th  and  30th  days  of  the  test  period  was  below  the  bottom  of  the  range  of 
physiological  fluctuations;  however,  according  to  [3],  this  was  observed  in 
only  2  cases  (L— ch,  Sh-s)  on  the  25th  day  and  3  on  the  30th  day.  According  to 
mean  valine  concentration  [4,  10,  16,  19],  it  was  low  in  all  subjects.  Accord¬ 
ing  to  [1,  9],  there  was  a  low  valine  level  on  the  25th  day  in  2  subjects  and 
according  to  [17],  in  1  out  of  the  6  subjects.  On  the  30th  day,  valine  content 
was  low  in  4  subjects  according  to  the  data  in  [1]  and  in  2  out  of  6  according 
to  [17].  According  to  our  data  [9],  plasma  valine  was  somewhat  lower  than  the 
mean  values  on  the  30th  day  in  5  out  of  6  subjects. 

Let  us  refer  to  the  dynamics  of  plasma  valine  content  in  our  group  of  subjects 
(n  =  6)  as  a  whole  and  in  each  of  them  individually. 

Mean  plasma  valine  concentrations  in  the  group  as  a  whole  (M±m)  had  a  tendency 
toward  decline  in  the  course  of  the  30-day  period,  particularly  in  the  second 
half  of  the  period  of  intake  of  the  space  diet.  This  parameter  was  lowest  on 
the  30th  day. 

The  individual  mean  concentration  of  valine  decreased,  as  compared  to  the  base 
status,  but  insignificantly  in  4  out  of  6  subjects  (A-v,  N-v,  L-ch,  M-n)  on 
the  30th  day  of  the  test  period.  In  the  other  two  it  remained  at  virtually 
the  initial  levels  It  should  be  noted  that  subject  Sh-s,  who  presented  the 
relatively  lowest  plasma  valine  content  in  the  base  period,  which  could  be 
rated  as  low  according  to  most  cited  authors  [1,  3,  4,  9-11,  14,  16,  19]  and 
indicative  of  inadequate  valine  supply  in  the  body  throughout  the  test  period, 
with  the  exception  of  the  15th  day,  continued  to  show  a  low  level  of  this  amino 
acid  in  plasma.  On  the  5th  and  30th  days,  there  was  a  tendency  toward  further 
decrease  in  valine  concentration.  The  mean  30-day  concentration  was  generally 
close  to  the  base  status,  mainly  due  to  increase  in  concentration  of  this  amino 
acid  to  a  normal  level  on  the  15th  day  according  to  the  standards  cited  by  most 
authors  [1,  3,  4,  9,  10,  11,  14,  16,  17,  19].  The  demonstrated  increase  in 
valine  could  have  been  due  to  intensification  of  processes  of  reutilization  and 
redistribution  of  valine  supply  in  the  body  in  order  to  normalize  the  share  of 
this  amino  acid  in  the  plasma  pool  of  free  amino  acids. 


In  all  of  the  subjects,  the  fluctuations  in  concentration  of  valine  (individual 
fluctuations  of  plasma  valine)  were  less  significant  in  range  over  the  entire 
30-day  period  than  for  the  group  of  subjects  as  a  whole.  The  degree  of  indi¬ 
vidual  fluctuations  of  valine  concentration  was  less  marked  than  for  the  group 
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as  a  whole  (see  Table  2).  Individual  mean  concentrations  of  valine  in  this 
period  were  higher  in  four  subjects  than  the  mean  valine  concentration  for 
the  group  as  a  whole  and  they  were  lower  in  two  subjects.  It  should  be  noted 
that  the  range  of  fluctuations  in  valine  concentration  was  relatively  wider 
in  subject  Sh-s  than  in  the  other  subjects  due  to  the  increase  on  the  15th  ay 
and  in  subject  M-n  due  to  drastic  decrease  in  valine  concentration  on  the  30th 
day.  In  most  subjects,  the  range  of  fluctuations  of  individual  concentrations 
of  valine  was  small.  Thus,  individual  fluctuations  of  valine  concentration  were 
less  significant  than  in  the  group  as  a  whole,  which  is  indicative  of  the  sub 
stantial  influence  of  individual  distinctions  of  valine  metabolism  and  its 
resources  in  the  body  on  concentration  of  this  amino  acid  in  blood  plasma,  even 
when  the  diet  is  identical  in  composition.  Of  course,  living  conditions, 
physical  and  neuropsychic  loads  were  not  entirely  identical  in  this  study,  and 
this  could  also  have  been  of  some  significance* 

During  the  period  of  30-day  use  of  identical  food  allowances,  we  could  have  ex¬ 
pected  some  equalization  of  plasma  valine  concentrations  in  all  subjects,  as 
compared  to  the  wider  scatter  of  concentrations  in  the  base  period,  when 
individual  diet  was  not  regulated.  However,  the  findings  as  to  fluctuation  o 
valine  concentrations  in  the  group  of  subjects  as  a  whole  in  the  course  of  the 
test  period  do  not  confirm  such  an  assumption.  The  range  of  fluctuations  in 
valine  concentrations  was  even  broader  on  the  5th,  15th,  20th  and  30th  days 
of  the  test  period  than  in  the  base  period. 

Juging  from  the  initial  amino  acid  status  of  the  subjects,  they  had  started 
the  test  period  with  dissimilar  plasma  valine  content,  which  could  have  been  a 
reflection,  in  particular,  of  difference  in  valine  supply  m  the  body  due  to 
individual  dietary  differences.  Among  the  subjects,  2  presented  a  relatively 
higher  plasma  valine  concentration— Ma-n  2.53  mg%  and  Nov  v  2.52  mg/..  y 
end  of  the  30-day  period,  their  valine  concentration  decreased  by  44.3  and  9.9/., 
resnectivelv  i.e.,  to  a  greater  extent  than  in  the  other  subjects.  The 
decline  in  vhine  Concentration,  as  compared  to  the  base  period,  was  demonstrated 
on  the  20th,  25th  and  30th  days  in  subject  Ma-n  and  on  the  15th,  20th,  2  , 

30th  days  in  Nov-v. 

In  the  base  period,  3  subjects  presented  the  following  mean  levels  of  plasma 
valine:  A-v  2.44  mg%,  Kor-v  2.38  mgX,  La-ch  2.34  mgZ.  By  the  30th  day  the 
decline  in  plasma  valine  concentration  in  this  group  constituted  4.9,  7.1  and 
6  87  respectively,  i.e.,  it  was  somewhat  less  marked  than  in  the  preceding 
;  Co  PT  cl  Ce  in  valine  concentration,  in  comparison  to  the  base  status, 
«s  demonstrated  in  A-v  on  the  20th,  25th  and  30th  days  in  Kor-v  on  he  30th 
day  and  in  La-ch  on  the  5th,  10th,  15th,  20th,  25th  and  30th  days.  At  other 
tested  times,  the  changes  were  in  different  directions  or  insignificant. 

In  subject  Sh-s,  who  presented  the  lowest  valine  concentration  in  the  base 
period,  the  decline  in  concentration  reached  6.2%  on  the  30th  day,  i.e  it  was 
close  to  the  values  for  the  second  subgroup  of  subjects.  A  substantial 
decrease  in  concentration,  in  comparison  to  the  base  status,  was  noted  only  on 

the  5th  and  30th  days. 

The  above-described  dynamics  of  individual  fluctuations  of  plasma  valine  content 
2re  apparently  attributable  to  processes  of  adaptation  of  protean  and  ammo 
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acid  metabolism  to  altered  nutrition.  Against  the  background  of  a  general 
tendency  toward  decrease  in  plasma  valine  content  due  to  change  in  the  diet, 
there  were  periodic  increases  in  its  concentration  due  to  mechanisms  of  endo¬ 
genous  redistribution  of  valine  resources  and  more  intensive  utilization.  In 
subjects  with  a  higher  valine  supply  in  the  base  period,  we  demonstrated  a  ten¬ 
dency  toward  more  appreciable  decrease  in  its  concentration  at  the  end  of  the 
30th  day  of  the  test  period.  In  subjects  with  relatively  lower  base  supply  of 
valine  in  the  body,  the  process  of  adaptation  was  associated,  in  the  second 
half  of  the  test  period,  with  relatively  less  decrease  in  plasma  valine  content. 
In  this  group  of  subjects,  processes  of  reutilization  and  redistribution  of 
valine  resources  were  apparently  more  intensive,  which  was  reflected  in  the  more 
significant  fluctuations  in  valine  concentration  and  range  of  fluctuations  in 
most  subjects  in  this  group.  Two  subjects  (Sh-s  and  La-ch) ,  who  presented  the 
lowest  concentrations  of  valine  in  the  base  period,  retained  the  lowest  concen¬ 
trations  of  this  amino  acid  during  the  test  period  in  most  analyses. 

Thus,  initial  valine  supply  in  the  body  apparently  affected  the  dynamics  of  adap¬ 
tation  and  concentration  with  altered  diet. 

Table  3  lists  the  results  of  assaying  plasma  valine  in  crew  members  of  the 
Salyut-5  orbital  station  before  their  flights  and  on  the  1st  postflight  day. 

The  data  listed  there  indicate  that  there  was  appreciable  decrease  in  plasma 
valine  content  in  both  participants  of  the  first  mission  after  completion  of  a 
48-day  flight.  After  the  second  mission,  which  lasted  21  days,  the  flight 
engineer  (FLE)  also  presented  a  low  valine  concentration,  but  in  the  commander 
(CDR)  the  concentration  of  this  amino  acid  even  increased,  as  compared  to  his 
preflight  status.  It  should  be  noted  that  there  was  more  significant  change  in 
valine  concentration  in  the  crew  of  the  first  expedition,  which  could  be  attri¬ 
buted  to  its  longer  duration.  With  regard  to  the  data  referable  to  the  second 
mission,  it  should  also  be  borne  in  mind  that  the  CDR  took  more  food  during  the 
flight  than  the  FLE,  and  it  was  in  excess  of  the  established  daily  allowances. 
This  is  confirmed  by  data  on  nitrogen  and  potassium  excretion  immediately 
after  the  flight  [8], 

A  comparison  of  the  data  in  Tables  2  and  3  can  lead  us  to  conclude  that  the 
postflight  decrease  in  plasma  valine  concentration  (percentage)  in  the  crew 
of  the  first  mission  is  comparable  to  the  decrease  in  valine  concentration  on 
the  30th  day  of  using  the  same  diet  in  only  1  subject  (M-n) .  In  the  rest  of 
the  subjects,  there  was  less  marked  decrease  in  valine  concentration  on  the  30th 
day  of  intake  of  the  space  diet  on  the  ground.  After  completion  of  the  48-day 
mission,  valine  concentration  was  lower  in  the  FLE  than  in  any  of  the  subjects 
after  30  days  on  the  same  diet  on  the  ground.  In  the  CDR,  postflight  valine 
concentration  was  lower  than  in  5  out  of  6  subjects  at  the  end  of  the  30-day 
test  period.  Plasma  valine  content  on  the  20th  day  of  using  the  space  diet 
on  the  ground  was  rather  similar  in  value  and  direction  of  changes  in  4  subjects 
to  the  status  of  the  crew  of  the  second  mission  of  Salyut-5  after  completion 
of  a  21-day  flight.  In  the  group  of  subjects  as  a  whole,  the  change  in  plasma 
valine  content  on  the  30th  day  of  intake  of  the  space  diet  was  more  appreciable 
(as  percentage)  than  in  the  crew  of  the  second  mission  after  a  21-day  flight. 
After  the  21-day  mission,  plasma  valine  concentration  in  the  cosmonauts  was 
higher  than  in  all  6  subjects  on  the  ground  after  use  of  the  same  diet  for 
30  and  even  25  days.  On  the  20th  day,  valine  concentration  was  higher  than 
postflight  in  the  CDR  in  only  1  subject,  but  lower  than  in  the  FLE  (second 
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mission).  On  the  5th,  10th  and  15th  days  of  the  ground-based  test  period, 
there  was  more  frequent  coincidence  of  concentrations  with  the  postflight 
status  of  the  crew  (second  mission) . 


Table  3.  Plasma  valine  content  in  subjects  during  recovery  period  and  m 
crew  of  Salyut-5 


Base 

30th  day  of 

Recovery  period,  usual  diet,  day 

period 

experiment 

5  1  10  _ 

Subjects 


plasma  valine  content 


mg° 


mg% 


%  of 
base 
levell 


mg° 


%  of 
base 
level 


%  of 
30-d 
levell 


mg% 


%  of 
base 
level 


M-n 

N-v 

A-v 

K-v 

L-ch 

Sh-s 

Group  as  a  whole: 
fluctuations 


range 
mean  (M±m) 

Salyut-5  crew  (first 
mission) 

CDR 

FLE 

Salyut-5  crew 
(second  mission) 

CDR 

FLE 


2,53 

2,52 

2,44 

2,38 

2,34 

1,93 


1 ,93— 
2,53 

0,60 

2,35± 

0,09 


2,8 

2,06 


2,22 

2,71 


1,41 

2,27 

2,32 

2,21 

2,18 

1,81 


1 .41  — 

2,32 

0,91 
2,03± 

0,14 
After  43-d 
flight 

—40,7 
—34,0 


-44,27 

9,92 

-4,92 

-7,15 

-6,84 

-6,22 


1,66 

1,36 


After  21-d 
flight 


2,41 

2,59 


-1-8,5 

•4,5 


2,09 

2,37 

2,48 

2,46 

2,00 

1,98 


1 ,98 — 
2,48 

0,50 

2,23± 

0,09 


-11,4 

—5,96 

-1-1,64 

+3,36 

— 14 ,53| 

+2,59 


+48,2 
+4,4 
+  6,9 
fll,6 
—8,3 
-|-9,4 


7th  post- 
fliqht  day 

1,53  |  —45,4 

1,66  1-19  42 


2,21 

2,17 


-0,46 

-20,0 


—8,3 
-16, 2| 


1,78 

2,51 

2,40 

2,14 

2,02 

1,84 


1,78— 

2,51 

0,73 
2,1 1± 
0,12 


28th 

day 

2,40 

2,24 


-29,65] 

-0,40 

-1,64 

-10,1 

-13,68' 

-4,67 


of 
30-d 
level 


26,2 
+  10,5 
+3,3 
—6,4 
—8,7 
+  1,6 


postflight 


+8,1 

-17,4 


On  the  5th  day  after  returning  to  ordinary,  individual  and  unregulated  diet> 
most  subjects  showed  an  increase  in  plasma  valine  concentration,  as  compare 
to  the?r  status  on  the  30th  and  25th  days  of  using  the  space  diet  (see  Table  3) . 
In  only  1  case  (L-ch)  did  the  concentration  decrease  by  8%,  as  compared  to  the 
30th  day  of  the  test  diet.  As  compared  to  the  base  period  valine 
(bv  5.5-14.5%)  in  3  subjects,  it  became  even  higher  (by  2.6-3.44)  in  2  and 
was  virtually  restored  to  the  initial  level  in  1  subject  (method  s  margin  o 
error  2%).  Mean  concentration  for  the  group  of  subjects  increase  ,  as  com 
pared  to  the  status  on  the  20th,  25th  and  30th  days  of  the  test  diet,  but 
was  still  lower  than  in  the  base  period  and  the  first  half  of  the  test  re 
period.  The  range  of  concentrations  diminished,  as  compared  to  the  30th  d  y 
the  test  period,  and  cameclose  to  the  base  status.  In  all  subjects,  t  e  con 
centration  of  valine  was  within  the  normal  range  of  physiological  fluctuations 

cited  in  [1,  17],  but  according  to  the  data  in  [3  11,  14]  th^ /of^^ublects 

lower  than  the  bottom  of  the  normal  range  m  3  subjects  In  all  of  the  subjec  , 
plasma  valine  content  was  less  than  the  mean  values  cited  m  |4,  iO,  16,  19]^ 
our  studies  [9],  valine  concentration  was  below  the  mean  level  in  only  3  cases. 
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On  the  10th  day  of  the  recovery  period,  valine  concentration  was  higher  in  3 
out  of  the  6  subjects  than  on  the  30th  day  of  the  test  period,  it  was  lower 
in  2  and  on  the  same  level  in  1.  As  compared  to  the  base  period,  valine 
concentration  was  lower  in  4  subjects  and  remained  virtually  on  the  same  level 
in  2.  Mean  valine  concentration  for  the  group  as  a  whole  was  higher  than  on 
the  30th  day  of  the  test  period,  but  did  not  reach  the  base  level.  In  all 
cases,  plasma  valine  content  was  within  the  range  of  physiological  fluctuations 
according  to  [1,  17],  but  below  it  in  4  subjects  according  to  [10,  3,  11,  14]. 
In  all  6  subjects,  valine  concentration  was  below  the  mean  values  cited  in 
[4,  10,  16,  19]  and  in  4  out  of  the  6  subjects  it  was  below  our  previous 
data  [9]. 

On  the  7th  day  after  the  48-day  flight  aboard  Salyut-5  (first  mission),  valine 
concentration  decreased  even  more  in  the  CDR,  whereas  in  the  FLE,  on  the 
contrary,  it  increased  somewhat,  as  compared  to  his  status  on  the  first  day 
after  landing,  but  in  both  crew  members  it  was  below  the  preflight  level.  As 
compared  to  the  valine  concentration  in  our  subjects  on  the  5th  and  10th  days 
of  the  recovery  period,  the  CDR  and  FLE  had  a  lower  plasma  valine  content  on 
the  7th  postlfight  day  in  absolute  terms,  and  somewhat  different  percentile 
value  from  their  base  state.  In  the  crew  of  the  second  Salyut— 5  mission, 
plasma  valine  concentration  on  the  7th  postflight  day  decreased  from  the  status 
demonstrated  immediately  after  landing.  In  the  CDR,  the  valine  concentration 
returned  to  its  preflight  level,  whereas  in  the  FLE  it  was  even  lower  than 
preflight. 

On  the  28th  day,  both  crew  members  of  the  second  mission  showed  an  increase  in 
valine,  as  compared  to  the  7th  postflight  day,  and  the  concentration  was  even 
greater  than  preflight  in  the  CDR.  We  can  attribute  such  dynamics  of  plasma 
valine  levels  in  cosmonauts  after  flights  to  intensification  of  anabolic 
processes  in  the  nature  of  recovery  due  to  readaptation  to  conditions  on  the 
ground  (primarily  on  the  part  of  the  muscular  system) ,  which  is  associated  with 
increased  utilization  of  valine  from  the  reserves  of  blood  plasma.  For  this 
reason,  preventive  measures  might  be  beneficial  here  in  the  direction  of 
enriching  the  recovery  diet  with  valine-containing  proteins. 

Table  4  lists  the  results  of  assaying  the  essential  amino  acids,  valine  and 
threonine,  in  6-day  food  allowances  of  comsonauts  which,  in  accordance  with 
the  6-day  menu  plans,  were  used  to  feed  our  subjects  during  the  30-day  test 
period  and  by  the  cosmonauts  during  missions  aboard  Salyut-5.  Valine  and 
threonine  levels  in  daily  food  allowances  conformed  to  or  exceeded  the  adult 
daily  requirements  according  to  the  formula  for  balanced  diet  [6].  We  should 
mention  that  there  was  considerable  fluctuation  in  amounts  of  these  amino 
acids  in  the  daily  food  allowances  (particularly  diet  No  2  and  No  3) .  In 
addition,  the  correlation  between  threonine,  taken  as  1,  and  valine  did  not 
conform  to  the  optimum  recommended  in  the  FAO  [Food  and  Agriculture  Organiza¬ 
tion,  WHO]  standard  (particularly  in  diets  No  5  and  No  6). 

Valine  and  threonine  content  was  higher  in  the  diet  than  other  recommended 
physiological  standards  [2,  5]  listed  in  Table  4.  Their  levels  were  somewhat 
below  the  ones  cited  by  K.  P.  Petrovskiy  [5]  only  in  diet  No  2. 
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Table  4.  Amino  acid  (valine  and  threonine)  content  of  daily  food  allowances 
of  Salyut-5  crew  members  and  test  subjects,  as  well  as  physiological 

standard  requirements 


Amino  acid  in  24-h 
food  allowance  of 
Salyut-5  crew _ _ 

Valine,  g 
Threonine,  g 
Valine/threonine 


:i  Jfe  4 


5,08±0,62 

5,0(3±0,69 

1,0 


Notes:  1.  The  FAO  standard  for  adults  [5]:  valine  1.5  and  threonine  1.0. 

2.  Recommended  quantities  that  reliably  provide  for  nitrogen  equilibrium 

[21:  valine  1.60  and  threonine  1.00.  .  ,  MQ1. 

3.  The  lowest  quantity,  with  which  nitrogen  equilibrium  is  obtained  L19J. 

valine  0.40-0.80  and  threonine  0.30-0.50. 

4.  Requirements  according  to  K.  S.  Petrovskiy  [5]:  valine  3.8,  threonine  3.5. 


Thus,  while  valine  content  was  rather  high  m  the  24-h  food  allowance  of 
subjects  and  cosmonauts,  there  was  a  decline  of  plasma  valine  level, 
may  be  several  causes  for  this  phenomenon:  relatively  higher  protein  an 
valine  content  in  the  initial  diet,  decreased  intake  of  valine  from  the 
intestine  due  to  poorer  digestibility  of  proteins  and  less  accessibility  of 
valine  for  assimilation  because  of  the  technology  of  processing  space  die  s, 
poorer  absorption  of  valine  from  the  intestine  because  of  its  imbalance  with 

other  amino  acids. 

In  the  case  of  the  ground-based  study,  the  inadequate  energy  value  of  the 
diet  as  a  whole  could  have  played  an  additional  role,  since  it  should  have  led 
to  increased  utilization  of  amino  acids  for  energy  purposes. 

A  more  substantial  decline  of  valine  was  demonstrated  in  the  spaceflights 
1^4  Salyut-5  than  in  the  ground  experiment,  which  is  indicative  o  presence 
of  additional  inflight  factors  affecting  ammo  acid  metabolism,  other  t 
the  nutritional  factor. 

The  diet  for  postflight  recovery  nutrition  also  merits  further  improvement 
with  due  consideration  of  the  increased  amino  acid  requirements  to  provide  f 
intensive  anabolic  processes  during  readaptation  to  earth  s  gravity  an 
intensification  of  general  load  on  the  muscles. 

The  results  of  our  study  warrant  the  conclusion  that  the  alimentary  factor, 
due  to  the  nature  of  preflight  and  inflight  nutrition,  could  play  some  part 
in  the  genesis  of  decrease  in  plasma  valine  content  m  cosmonauts.  For  this 
reason,  improvement  of  amino  acid  composition  of  flight  diets  with  respect 
both  quantity  of  valine  and  (perhaps  to  an  even  greater  extent)  its  balance 
with  other  amino  acids  and  increased  accessibility  of  valine  to  assimilati 
S  flight  should  have  a  positive  preventive  effect.  The  latter  will  require 
improvement  of  technology  of  processing  foods  for  cosmonauts.  The  requirement 
of  adequate  diets  with  respect  to  energy  is  also  important. 
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[Article  by  K.  K.  Ioseliani,  A.  L.  Narinskaya  and  Sh.  R.  Khisambeyev] 

[English  abstract  from  source]  In  two  head-down  tilt  studies  of 
7  and  8  days  iLn  duration  variations  in  the  work  capacity  of  24 
test  subjects  Twer e  examined  and  the  following  stages  were  dis¬ 
tinguished:  habituation,  stable  work  capacity,  and  unstable  com¬ 
pensation.  Among  the  test  subjects  two  groups  were  discriminated: 
those  with  plastic  and  those  with  inert  types  of  adaptation  to  a 
changed  environment.  It  is  concluded  that  the  plastic  type  peop  e 
can  better  and  faster  adapt  to  head-down  tilt  and  therefore  can 
work  more  efficiently  during  an  acute  stage  of  adaptation  to 
weightlessness, 

[Text]  Assessment  of  mental  work  capacity  is  one  of  the  most  important  problems 
of  space  psychophysiology.  This  is  related  to  the  fact  that  both  the  assess 
ment  and  forecast  of  mental  work  capacity  based  on  it  have  a  direct  bearing 
assuring  the  safety  of  spaceflights  and  reliability  of  spacecraft  crews,  par¬ 
ticularly  during  the  period  of  acute  adaptation  to  weightlessness  [1J. 

With  reference  to  work  capacity,  it  should  be  noted  that  there  is  no  agreement^ 
at  the  present  time  concerning  guidelines  and  methods  of /trying  it.  Furth 
more,  there  is  no  specific  definition  of  the  very  term  work  capacity. 
makes  it  difficult  to  select  adequate  measurement  and  criteria 

assessing  it  [3,  13-15,  27].  We  construe  work  capacity  to  mean  the  prope  y 
of  an  operator  which  is  determined  by  the  state  of  physiological  and  mental 
function:;  and  characterises  his  ability  to  perform  a  specific  activity  with 
the  required  quality  and  for  the  required  period  of  time  L2ZJ. 

Analysis  of  the  literature  indicates  that  there  are  different  methodological 
procedures,  parameters  and  criteria  for  evaluating  an  operator  smentaiwor 
capacity  [7-9,  19].  There  has  still  not  been  enough  work  on  questions  of 
effects  of  weightlessness  on  mental  work  capacity  of  operators.  The  da  a 
pertaining  to  changes  in  the  neuropsychic  sphere  obtained  by  ^e^used^8 

ra  21  23  29-31,  33-35]  are  qualitative  m  nature;  the  methods  they  used 

are  dissimilar  in  informativeness  and  direction,  and  the  subjects  they 
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studied  were  not  referable  to  homogeneous  groups.  This  presents  some  difficul¬ 
ties  with  respect  to  psychological  interpretation  of  results. 

The  factual  material  in  the  scientific  literature  [2,  6,  20,  28,  32]  indicates 
that  antiorthostatic  hypokinesia  (AOH)  [hypokinesia  with  head-down  tilt]  is 
the  best  model  of  the  period  of  acute  adaptation  to  weightlessness  under 
laboratory  conditions. 

Psychologically ,  hypokinesia  is  an  example  of  a  "given”  regimen  by  virtue  of 
the  need  to  maintain  a  horizontal  position  of  the  body  for  a  long  time.  Under 
such  conditions,  the  mismatch  between  the  customary  postural  and  motor  mode 
and  the  immobile  position  of  the  body  during  the  study  [18]  is  important,  and 
it  leads  to  significant  reduction  of  interoceptive  and  proprioceptive  signaling. 
As  a  result,  there  is  development  of  dysfunction  and  dystonia,  which  gradually 
progress  [2,  12,  16]. 

Since  changes  in  mental  work  capacity  are  an  inevitable  component  of  the  adapta¬ 
tion  syndrome  [24],  it  can  be  assumed  that  the  dynamics  of  mental  work  capacity 
would  conform  largely  to  the  phases  in  the  period  of  the  body's  adaptation  to 
AOH. 

We  have  included  here  the  results  of  two  series  of  studies  involving  24 
essentially  healthy  men:  1st  series — AOH  for  7  days  at  an  8°  angle  of  tilt 
(9  men),  2d  series — AOH  for  8  days  at  an  8°  tilt  (15  men). 

To  obtain  homogeneous,  comparable  and  valid  material,  we  used  the  9-point 
system  of  rating  levels  of  mental  work  capacity,  which  was  introduced  pre¬ 
viously  to  aerospace  practice  [7].  By  means  of  integrating  the  results  ob¬ 
tained  by  different  methods,  such  a  system  yields  reliable  quantitative 
evaluations  of  levels  of  mental  work  capacity  in  comparable  units  (points). 

Methods* 

In  selecting  the  set  of  methods  that  permit  evaluation  of  the  dynamics  of  mental 
work  capacity,  we  took  into  consideration  the  breadth  of  coverage  of  operator 
skills  that  a  cosmonaut  needs  for  highly  productive  work.  We  used  the  following 
methods:  1)  continuous  counting  at  a  specified  pace,"  during  which  we  recorded 
the  heart  rate  (HR),  arterial  pressure  (BP)  and  respiratory  rate  (RR)  as 
parameters  reflecting  the  "physiological  price"  of  the  work  and  human 
psychophysio logical  reserve  capacities.  This  method  permits  evaluation  of  the 
level  of  mental  work  capacity  when  there  is  a  time  limit  or  shortage,  by  alter¬ 
nating  two  opposite  work  methods;  2)  "retrieving  numbers  with  changeovers" 
(complicated  version  of  "red  and  black  table")  to  test  complex  differentiated 
performance;  3)  "cancellation  tests"  (with  interference) ,  which  permit  testing 
stability  of  attention  during  prolonged  monotonous  work;  4)  "establishing 
patterns"  to  assess  some  aspects  of  thinking;  5)  "compasses"  to  test  capacity 
to  operate  with  spatial  conceptions;  6)  "text  reproduction"  to  assess  logical 
memory. 

*A  detailed  description  of  all  of  the  methods  used  is  given  in  the  book, 

"Metodiki  issledovaniya  v  tselyakh  vrachebno-letney  ekspertizy"  [Test 
Methods  for  Expert  Medical  Certification  of  Pilots],  Moscow,  Voyenizdat,  1972, 
pp  274-324. 
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Before  starting  the  test,  we  trained  the  subjects  using  all  of  the  methods  in 
order  to  develop  a  stable  skill  In  using  them.  The  tests  were  performed  on  the 
1st,  3d,  5th  and  7th  days  of  AOH,  and  repeated  after  AOH. 

We  obtained  an  integral  evaluation  of  mental  work  capacity  of  each  subject  using 
a  specially  developed  formula  [11]: 


v  orKi 

i  _ 

ii 

v  Ki 

i  =  1 


where  J  is  integral  evaluation,  Is  evaluation  using  a  specific  method  (grade) 
and  Ko  is  the  weight  coefficient  of  that  method. 

Is 

The  choice  of  weight  coefficients  (within  the  limits  of  a  5-point  grading  scale) 

J  a.  nee(j  for  integral  determination  of  subjective  (psychological) 

liUicultieS  of  the  «rk  anfertent  of  strain  on  physiological  systems  involved 
in  the  activity.  This  objectivized  the  complex  rating  of  mental  work  capacity. 
mffSrentiated  analysis  of  the  methods  enabled  us  to  assign  the  appropriate 
.  ...  coefficients  to  them:  4  for  the  method  of  "continuous  counting  at  a 
pace  "  3  for  "retrieval  of  numbers  with  changeover,"  2  for  "establishment 
of  patterns!"  1  for  "cancellation  test,"  "compasses"  and  "reproduction  of  teats. 

Results  and  Discussion 

According  to  the  results  obtained  in  both  series  of  studies,  we  distinguished 
stages  of  breaking  in,  stable  work  capacity  and  unstable  compensation  m  dynamics 

of  work  capacity. 

*  .  / 1  .  qj  AOH'l  Tn  this  period  there  was  functional 

reorganization  *and^ establishment  Tile!  dynami^  stereotype  Integral  rating 

of  mental  work  capacity  dropped  in  this  period  by  a  mean  of  0. 71. 7  points, 
s5mptomsewhenhthetsubjdcts  performed  given  work  were  a  stat e  S" 

emotional  elation  related  to  the  start  of  the  study. 

Stage  of  stable  work  capac i ty  (3d-5th  days  of  AOH).  At  this  stage  .per¬ 
formance. became .  integral Ji^u^aubstantia^los^of  ^^aS^  higher 
reproducing  actions.  t=>  this  period, 

rthf endeoPfrthf!o?kSd:rtS  subjects^reported” insignificant  fatigue,  which 

wLt  aw!y  afteka  night '  s?sleep.  The  work  mode  was  closest  to  optimum:  effici 
ency  was^at  a  maximum  during  this  period  and  the  results  were  stab  . 
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Table  1.  Comparative  mental  work  capacity  of  subjects  submitted  to  AOH 


Group  of 
subjects 

Integral  score 

- — 

— 

back- 

day  of  AOH 

after- 

t 

P 

ground 

1 

3 

5 

7  . 

effect 

1 

2 

8,3±0,26 

7,3:1:0,31 

7,6:1:0,32 

5,4  ±0,36 

7,6±0,29 

5,8±0,29 

8,8±0,26 

6,2±0,28 

8,5±0,24 

5,8±0,33 

8,8±0,24 

6,8±0,26 

5,68 

<0,01 

Stage  of  unstable  compensation  (6th-3th  days  of  AOH).  This  stage  was 
characterized  by  some  decline  of  mental  work  capacity,  as  compared  to  the 
stage  of  stable  performance  (by  a  mean  of  0. 3-0.4  points),  unstable  affect  and 
impaired  sleep.  The  extent  of  decline  of  work  capacity  depended  on  individual 
distinctions  of  the  subjects  and,  for  this  reason,  varied  markedly.  As  a 
pesult,  on  the  average  for  the  group,  there  was  merely  a  tendency  toward 
diminished  work  capacity,  and  for  this  reason  this  was  called  the  stage  of 
unstable  compensation."  In  this  period,  the  subjects  had  a  marked  feeling  of 
fatigue  and  changes  in  some  functional  parameters  (HR,  BP,  RR) .  From  the 
standpoint  of  productivity  there  was  some  decrease  in  speed  and  accuracy  of 
performance  of  operations  due  to  increased  fatigue,  particularly  toward  the 
end  of  the  day. 

Thus,  we  could  distinguish  periods  of  breaking  in,  stable  work  capacity  and 
unstable  compensation.  In  some  cases  they  were  very  distinct  and  in  others, 
unnoticeable,  discrete.  It  must  be  stressed  that  there  was  no  stage  of 
progressive  decline  of  work  capacity,  and  we  failed  to  observe  disorganiza¬ 
tion  of  mental  performance  or  refusal  to  work  [4]. 

The  subjects  could  be  divided  into  two  groups  according  to  dynamics  of  mental 
work  capacity. (Table  1):  1)  1st  group  (14  men,  58%  of  the  subjects),  which 
was  characterized  by  a  high  stable  level  of  mental  work  capacity  over  the 
entire  test  period  (with  a  grade  of  7.6+0.32  to  8.8+0.26).  This  group  was 
characterized  by  easy  learning,  ability  to  mobilize  in  stress— producing  situa¬ 
tions,  good  emotional  stability  and  absence  of  tension  when  performing  their 
tasks.  The  dynamics  of  mental  work  capacity  were  characterized  by  rapid 
determination  of  an  adequate  mode  of  action,  rapid  development  of  skill  in 
the  mental  task,  stability  and  uniform  work  pace.  In  these  individuals,  the 
adaptation  period  ended  by  the  5th  day  of  AOH.  During  this  time,  some  subjects 
observed  some  slowness  of  breaking  in  to  the  task  and  diminished  capacity  for 
work  involving  switching  attention  in  the  presence  of  information  interference, 
time  limit  and  shortage.  By  the  5th  day  of  AOH,  mental  work  capacity  of  these 
subjects  usually  not  only  returned  to  the  background  level,  but  exceeded  it 
significantly,  which  was  indicative  of  onset  of  the  stage  of  stable  work 
capacity  (flexible  type  of  adaptation);  2)  the  subjects  of  the  2d  group  (10 
men,  42%)  were  characterized  by  an  unstable  level  of  mental  work  capacity,  fluc¬ 
tuation  of  quantitative  and  qualitative  parameters  of  performance  of  tasks 
throughout  the  test  period  (score  5.4±0.36  to  6.2±0.28).  There  was  decrease 
in  stability  of  attention,  immediate  memory  and  resistance  to  interference. 
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During  the  period  of  diminished  output  (stage  of  unstable  compensation),  the 
most  diverse  errors  appeared,  which  were  related  to  both  diminished  immed 
memory^ an^ diminished  stability  of  attention.  This  group  of  subjects  developed 
errors  of  the  perseveration  type  when  they  changed  to  the  opposite  mode  of 
work  and  this  can  apparently  be  attributed  to  fatigue  that  A.  A.  Ukhtomskiy 
considered  to  be  the  cause  of  some  distinction  of  the  dominant  prevailing  at 
a  given  time  [25].  For  expressly  this  reason  performance  became  markedly 
stereotypic.  In  some  cases  there  was  impaired  spatial  orientation.  n 
second  group  of  subjects,  unlike  the  first  group,  the  parameters  of  mental  work 
capacity  were  below  background  values  by  the  end  of  the  AOH  period,  and  they 
reverted  to  the  base  level  only  after  termination  of  hypokinesia  (inert  type 

of  adaptation) . 


Table  2. 

Examples  of  dynamics  of  number  of 
errors  per  100  operations  in 
continuous  count  at  specified  pace 
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As  can  be  seen  in  Table  2,  the  subjects 
in  the  first  and  second  groups  differed 
in  dynamics  of  errors  made  when  working 
on  "continuous  counting  at  a  set  pace. 

It  should  be  mentioned  that  the  first 
group  of  subjects  made  the  maximum  number 
of  mistakes  on  the  lst-3d  days  of  AOH,  but 
already  by  the  5th  day  performance  para¬ 
meters  were  above  background  values.  In 
the  second  group  of  subjects,  there  was 
considerable  increase  in  number  of 
errors  throughout  the  AOH  period  and, 
unlike  the  analogous  parameters  for  the 
first  group,  they  never  did  reach  back 
ground  levels  to  the  end  of  the  AOH 
period. 


BP,  HR  and  RR  were  recorded  before,  during  and  after  t  y  h  in 

objectivize  the  mental  stress  caused  by  performance  of  tasks.  The  cha,Jg 
these  physiological  parameters  were  insignificant  in  the  first  group  of  subjects, 
Sus,  during  work  BP  rose  by  a  mean  of  10/5  mm  Hg,  HR  by  5-10/mm  and  RR  by 
5-10  cycles /min. 

Systolic  and  diastolic  BP  rose  (by  a  mean  of  15  and  10  mm  Hg,  respectively)  in 
the  absolute  majority  of  subjects  in  the  second  group  when t?“  [hey 

tasks.  There  were  significant  changes  m  external  respiration.  When  they 
changed  to  the  opposite  mode  of  work  it  became  irregular  and  increased  by  a 
mean8of  20  cycles/min.  HR  increased  by  a  mean  of  20-30/min  and,  in  some  cases, 

reached  140-144/min. 

These  changes  in  physiological  parameters  of  subjects  in  the  second  group 
definitely  closely  relate!  to  the  emotional  and  volitional  sphere,  as  indicated 
S  Sensed  emotional  excitability,  motor  and  verbal  disinhibition,  irrita¬ 
bility,  marked  reactions  and  poor  performance  of  tasks. 

Thus  the  main  difference  between  these  groups  was  the  type  of  adaptation  of 
S  body  “altered  living  conditions  (inert  or  plastic).  These  types  of 
adaptation  are  manifested  by  typical  dynamics  of  mental  work  capacity  a  ^gtic 
conditions  of  simulated  weightlessness  using  AOH.  Individuals  of  t  P 
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type,  who  had  considerable  psychophysiological  reserves,  adjusted  faster  and 
better  to  AOH  conditions  and,  with  the  necessary  training,  are  able  to 
perforin  at  a  high  level  of  mental  work  capacity  during  the  period  of  acute 
physiological  adaptation  to  weightlessness  without  excessive  psychophysiological 
effort.  The  individual  psychophysiological  traits  of  subjects  in  this  group, 
which  enabled  them  to  perform  well  under  stress-producing  conditions,  are  an 
occupational  asset,  since  they  enhance  reliability  of  the  human  element  in  the 
"cosmonaut-spacecraft"  system.  These  data  are  consistent  with  the  findings  of 
V.  N.  Myasishchev  [17]  and  Ye.  D.  Khomskaya  [26]. 

In  individuals  of  the  inert  type,  diminished  productivity  under  AOH  conditions, 
combined  with  significant  changes  in  physiological  parameters  (HR,  BP,  RR) , 
indicates  that  their  psychophysiological  reserves  are  either  limited  or 
largely  depleted.  Such  individuals  will  probably  be  unreliable  in  difficult 
(including  emergency)  flight  situations. 

Our  findings  indicate  that  testing  mental  work  capacity  under  AOH  conditions 
constitutes  a  distinctive  load  test,  which  permits  detection  of  discrete 
disturbances  of  mental  work  capacity  that  are  not  demonstrable  under  ordinary 
conditions. 

There  are  grounds  to  believe  that  the  obtained  data  can  be  recommended  for  use 
at  the  stages  of  screening  and  training  spacecraft  crews,  in  order  to  pick  out 
individuals  who  are  resistant  and  sensitive  to  weightlessness,  in  plotting 
cyclograms  of  cosmonaut  performance,  as  well  as  in  developing  the  set  of 
psychoprophylactic  and  psychocorrective  measures  to  maintain  a  high  level  of 
work  capacity. 
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[English  abstract  from  source]  The  man’s  ability  to  get  oriented 
in  relation  to  the  gravitational  vector  was  investigated.  The 
test  subjects  were  exposed  either  to  rotation  in  1  m  arm  centrifuge 
or  tilting  in  a  chair.  They  were  simultaneously  exposed  to  total- 
body  vertical  vibration  of  20  Hz.  As  the  exposure  continued, 
the  ratio  of  the  perceived  vertical  (in  the  absence  of  visual 
keys)  and  the  apparent  body  position  changed  significantly.  It 
is  concluded  that  the  tests  used  to  evaluate  the  pilot  ability 
for  spatial  orientation  should  include  evaluations  of  the  sub¬ 
jective  vertical  and  body  position  relative  to  the  gravitational 
vector.  The  tests  should  be  performed  during  exposures  to 
simulated  dynamic  flight  factors. 

[Text]  One  of  the  important  elements  of  a  pilot’s  spatial  orientation  is ^ 
precise  localization  of  his  body  and  objects  in  the  cabin  of  an  aircraft  in 
relation  to  "top-bottom"  coordinates  during  exposure  to  the  dynamic  factors 
of  flight.  For  this  reason,  investigation  of  the  ability  to  determine  the 
direction  of  the  gravity  vertical  has  been  suggested  as  a  test  to  assess 
reliability  of  pilots  in  case  of  impaired  inflight  spatial  orientation  [15], 

It  is  known  that  when  there  is  a  change  in  the  position  of  the  body  in  relation 
to  the  gravity  vector,  as  well  as  under  the  effect  of  lateral  acceleration  ^ 
during  rotation  on  a  centrifuge,  there  is  change  in  accuracy  of  the  subject  s 
definition  of  the  vertical.  However,  the  relevant  psychophysiological  mechan¬ 
isms  of  this  phenomenon  have  not  yet  been  determined  [3].  In  the  vast  majority 
of  works  published  previously  [1,  2,  4  and  others],  studies  were  pursued  mainly 
of  the  dynamics  of  the  visually  perceived  vertical.  Moreover,  as  we  have  . 
noted,  in  order  to  assess  man’s  susceptibility  to  impaired  spatial  orientation 
it  is  necessary  to  determine  accuracy  of  orientation  of  the  body  in  relation 
to  the  gravity  vector  [12],  in  addition  to  determination  of  the  vertical. 
Considering  the  foregoing,  it  was  deemed  important  to  investigate  the  adequacy 
and  informativeness  of  different  tests  to  determine  the  capacity  for  spatial 
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orientation  in  order  to  use  the  findings  in  screening  and  special  training  of 
flight  personnel. 

Our  objective  here  was  to  investigate  man’s  ability  to  determine  the  direction 
of  the  vertical  and  position  of  his  body  during  exposure  of  the  otolith  system 
to  accelerations,  as  well  as  under  the  influence  of  total-body  vertical 
vibration. 

Methods 

We  determined  the  capacity  for  orientation  relative  to  the  gravity  vector 
(true  vertical)  by  means  of  a  special  instrument,  in  which  the  subject  set 
a  rod,  which  rotated  freely  in  the  frontal  plane  (banking  plane),  in  the 
position  of  the  so-called  subjective  haptic  vertical  (corresponding  to 
the  vertical  perceived  by  sense  organs)  or  parallel  to  the  body’s  midline 
in  relation  to  the  gravity  vector.  The  rod  could  not  be  moved  in  other  planes 
and  such  moves  were  not  recorded.  The  angle  of  deflection  of  the  rod  (lever) 
away  from  the  direction  of  the  true  vertical  was  measured  with  potentiometric 
sensors  and  recorded  on  an  automatic  ink-recorder.  The  instrument  was  calib¬ 
rated  in  such  a  way  that  one  could  calculate  the  deflections  of  the  lever  from 
the  true  vertical  in  the  banking  plane  in  degrees.  In  all  instances,  the  sub¬ 
jects  handled  the  lever  with  their  right  hand,  sitting  erect  with  the  eyes 
closed.  In  the  intervals  between  manipulations,  the  subject  lowered  the 
lever  to  one  of  its  extreme  positions. 

Two  series  of  tests  were  conducted.  In  the  first  one,  we  simulated  production 
of  the  illusion  of  banking  by  rotation  subjects  on  a  small  CF-10  vestibulo- 
metric  centrifuge  (Figure  la).  The  subjects  were  seated,  facing  the  direction 
of  movement  of  the  stand,  in  a  semihard  chair  (the  seat  was  padded  with 
porolon  15  mm  in  thickness)  1  m  away  from  the  axis  of  rotation.  At  first  we 
recorded  background  data:  in  all  cases  in  this  series  of  tests,  determination  of 
both  the  subjective  vertical  and  body  position  was  repeated  4  times  in  succession: 
the  first  time,  from  the  extreme  right  position  of  the  lever,  the  second  time, 
from  the  extreme  left,  etc.  Then  the  subjects  were  rotated  in  a  clockwise 
direction  (to  the  left)  about  the  vertical  axis  at  an  angular  velocity  of 
110° /s,  so  that  the  resultant  force  of  gravity  and  centrifugal  force  would 
constitute  an  angle  of  about  20°  with  the  direction  of  the  true  vertical.  Each 
subject  was  rotated  twice,  in  one  case  he  set  the  lever  only  in  the  position  of 
the  subjective  vertical  throughout  the  test  period  and  in  the  other  (the  order 
was  randomized),  parallel  to  the  midline  axis  of  the  body;  there  were  30-45-min 
intervals  between  the  two  rotations.  Each  exposure  to  rotation  lasted  15  min, 
during  which  the  subject  periodically  (when  so  ordered  by  the  physician) 
manipulated  the  lever,  starting  at  the  time  of  reaching  a  constant  rate  of 
rotation.  After  the  chair  was  stopped,  both  tested  parameters  were  recorded. 

A  total  of  17  healthy  men  23-48  years  old  participated  in  these  studies. 

In  the  second  series  of  tests,  the  sensation  of  banking  was  produced  by  tilting 
the  seat  successively  5  and  10°  to  the  right  during  exposure  of  the  entire 
body  to  vibration.  For  this  purpose,  a  special  device  was  installed  on  a 
VEDS-1500  vibration  stand,  on  which  there  was  a  hard  seat  for  the  subject 
(Figure  lb).  There  was  a  lever  in  front  of  the  subject,  which  he  first  moved 
twice  from  the  extreme  positions  into  the  subjective  vertical  position  at 
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each  angle  of  tilt  of  the  goniometer  stand  and  then  with  its  help  tracked  down 
the  position  of  his  body.  These  parameters  were  recorded  before,  during  and 
after  exposure  at  15-min  intervals.  We  used  vertical  vibration  (frequency 
20  Hz)  and  vibrational  acceleration  (7  m/s2)  which  occurs  in  helicopters  [13]. 
Six  healthy  men  participated  in  these  studies.  We  ran  six  control  tests  and 
six  tests  with  vibration  on  each  of  them. 
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Figure  1.  Diagram  of  equipment  used  in  the  study 
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lever  (rod)  of  instrument  to  determine  capacity  for  spatial  orientation 
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chair  seat 
headrests 

body  rests  on  chair 
elbow  pads 
foot  support 

tilting  goniometer  platform 
vibration  stand  base 


Results  and  Discussion 

When  turning  on  the  centrifuge,  all  of  the  subjects  developed  (to  varying  . 
degrees)  the  illusion  of  a  left  bank,  manifested  by  the  sensation  that  their 
body  was  tilting  with  the  chair.  The  severity  of  these  sensations,  according  to 
the  verbal  reports  of  the  subjects,  gradually  diminished  as  rotation  time 
increased.  The  obtained  mean  data  on  dynamics  of  direction  of  subjective 
vertical  and  perceived  position  of  the  body's  midline  (PPBM)  are  illustrated 
in  Figure  2. 

Figure  2  shows  that  in  the  1st  min  of  rotation  there  is  equivalent  degree  but 
opposite  deviation  from  the  vector  of  gravity  of  both  the  subjective  vertica 
and  PPBM.  Then,  starting  in  the  5th  min  of  rotation,  the  angle  of  deviation 
of  the  subjective  vertical  has  a  tendency  toward  increasing,  which  is  also 
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typical  of  the  dynamics  of  the  visual  vertical  [5,  8].  However,  it  should  be 
mentioned  that  the  deviations  of  the  subjective  vertical  found  in  our  studies 
were  considerably  smaller  than  the  angle  between  the  direction  of  the  gravity- 
inertial  resultant  and  gravity  vector,  which  determines  the  severity  of  the 
oculogravic  illusion  that  arises  under  the  influence  of  inertial  forces  on 
the  otolith  system. 


In  addition,  as  rotation  time  increased 
there  was  some  decrease  in  angle  of  PPBM 
deviation  and,  starting  in  the  5th  min 
it  was  1/2  to  2/5  the  deviation  of  the 
subjective  vertical.  In  other  words,  at 
the  start  of  exposure  to  centrifugal  force 
the  severity  of  the  banking  illusion  is 
characterized  to  equal  extent  by  the  angle 
of  deviation  of  both  the  subjective  verti¬ 
cal  and  PPBM,  whereas  at  the  later  stages 
this  illusion  is  reflected  primarily  by 
the  deviation  of  the  subjective  vertical 
in  relation  to  the  gravity  vector. 


Figure  2. 

Dynamics  of  position  of  subjective 
vertical  and  PPBM  with  development 
of  banking  illusion  on  small  CF-10 
centrifuge 

X-axis,  time  of  examination; 
y-axis,  angle  of  deviation  from 
gravity  vector.  Solid  line, 
deviation  of  PPBM,  dash  line, 
position  of  subjective  vertical 
BG)  background 
SR)  start  of  rotation 
CS)  after  centrifuge  is  stopped 
+)  deviation  to  left  of  axis 
of  rotation 

-)  deviation  to  the  right  of 
angle  of  rotation 


Analysis  of  the  individual  results  also 
revealed  that  in  some  subjects  this 
tendency  of  correlation  between  subjective 
vertical  and  PPBM  was  quite  marked,  whereas 
in  others  there  were  no  appreciable 
changes  throughout  the  period  of  rotation 
of  angles  of  these  parameters  (see  Table) . 

Such  dynamics  of  correlation  between  the 
subjective  vertical  and  PPBM  when  simulat¬ 
ing  the  illusion  of  banking  on  the  small 
centrifuge  were  apparently  attributable 
to  the  distinctions  of  interaction  between 
otolith  receptors  and  mechanoreceptors  of 
the  human  body  during  perception  of  the 
gravity  vertical  in  the  absence  of  visual 
information.  Thus,  the  decrease  in  angle 
of  deviation  of  PPBM  with  increase  in 


rotation  time  could  be  attributed  to  the  influence  of  the  adaptation  process, 
which  develops  rapidly  in  muscular  and  articular  receptors  when  the  body  is  in 
a  fixed  position  [9],  as  was  the  case  in  our  studies.  The  coefficients  of  cor¬ 
relation  between  the  magnitude  of  change  in  severity  of  the  banking  illusion 
characterized  verbally  by  the  subjects  and  angle  of  deviation  of  PPBM  in  the 
course  of  the  study  constituted  0.86.  Consequently,  our  findings  indicate  that 
the  discussed  method  of  orientation  in  relation  to  the  gravity  vector  makes  it 
possible  to  assess  rather  fully  the  extent  of  banking  illusions  in  the  event 
that  an  overall  characteristic  of  the  spatial  position  of  both  the  subjective 
vertical  and  PPBM  is  used. 


The  results  of  the  tests  on  the  vibrating  stand  (Figure  3)  revealed  that,  with 
exposure  to  vibration,  the  accuracy  of  determining  the  subjective  vertical 
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did  not  differ  appreciably  from  control 
data.  At  the  same  time,  the  degree  of 
deviation  of  PPBM  as  vibration  exposure 
time  increased  underwent  statistically 
significant  changes,  as  compared  to 
values  obtained  without  vibration,  and 
this  was  particularly  evident  at  a  5° 
angle  of  deflection  of  the  goniometer 
platform.  Thus,  starting  with  the  30th  min 
and  to  the  end  of  vibration  exposure,  we 
observed  significant  overestimation  of  the 
angle  of  deviation  of  the  PPBM.  Perhaps 
this  was  due  to  the  marked  activating 
effect  of  vibration  at  this  frequency  on 
reactions  of  the  myoneural  system  [7]. 

In  the  aftereffect  period  the  accuracy  of 
estimating  PPBM  returned.  Consequently, 
as  shown  by  the  obtained  data,  it  is 
necessary  to  use  vibration  factors  for 
adequate  simulation  of  banking  illusions 
as  related  to  helicopters.  In  addition, 
during  ground-based  simulator  training  of 
helicopter  pilots  it  is  desirable  to 
take  into  consideration  the  modulating 
effect  of  the  vibration  factor  on  accuracy 
of  determining  the  body's  spatial  position 
in  relation  to  the  gravity  vector. 


7 
0 
-7 
-4' 

Figure  3. 

Dynamics  of  parameters  of  orienta¬ 
tion  relative  to  gravity  vertical 
during  exposure  to  vibration 
X-axis,  time  of  test;  y-axis, 
angle  of  deflection  from  gravity 
vertical.  Arrowheads  show  start 
and  end  of  vibration 

a)  goniometer  angle  (shown  by 
interrupted  line  with  dots) 
of  5° 

b)  goniometer  angle  of  10° 

1)  vibration 


Analysis  of  Figure  3  revealed  that,  in  the 
control  studies  (without  vibration)  with 
the  goniometer  at  a  5°  angle  the  subjects 
attributed  their  spatial  position  to 
deflection  of  both  the  PPBM  and  subjective 
vertical  in  relation  to  the  normal  to  the 
goniometer  platform.  Conversely,  at  an 
angle  of  10°  there  was  more  marked  deviation 
of  the  subjective  vertical,  exceeding  by 
2. 5-3.0  times  the  deviation  of  PPBM.  The 
findings  indicate  that,  when  on  a  tilted 
goniometer  platform,  the  nature  of  orienta¬ 
tion  in  relation  to  the  seat  surface  is 
analogous  to  orientation  when  rotating  on 
the  centrifuge:  the  correlation  between 
angles  of  deflection  of  the  subjective 
vertical  and  PPBM  at  an  initial  angle  of 
5°  is  equivalent  to  the  one  in  the  1st  min 
of  rotation,  and  at  an  angle  of  10°,  to 
the  subsequent  period  of  rotation.  We 

BG)  background 


2)  control  AF.)  aftereffect 

+)  deviation  to  the  right  Solid  line,  PPBM;  dash  line, 

-)  deviation  to  left  of  gravity  vector  position  of  subjective  vertical 
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were  impressed  by  the  fact  that  the  angles  of  deviation  (relative . to  the  gravity 
vector)  of  both  the  subjective  vertical  and  PPBM  did  not  differ  significantly 
at  5  and  10°  tilt  angles  of  the  goniometer  platform.  These  findings  are  con¬ 
sistent  with  previously  obtained  data  concerning  the  visual  vertical,  which 
indicated  that  it  shifts  in  the  direction  of  inclination  after  a  period  of. 
preliminary  inclination.  This  is  interpreted  as  an  aftereffect  of  adaptation 
of  the  proprioceptive  system  [14].  In  addition,  compensatory  voluntary  motor 
reactions  of  the  subject  on  the  goniometer  could  have  played  some  part  also, 
in  view  of  the  absence  of  lateral  restrictions  on  the  seat,  whereas  in  the 
centrifuge  seat  the  subject's  body  and  head  were  immobilized.  It  is  known  that 
muscular  contractions  during  active  movements  generate  reaf f erentation  [10], 
which  enables  man  to  be  more  accurately  oriented  in  relation  to  the  gravity 
vector.  It  must  also  be  noted  that  when  the  goniometer  is  tilted,  the  foot 
support  remained  in  horizontal  position  at  all  times,  and  this  probably  had  an 
additional  effect  on  articular  mechanoreceptors  involved  in  perception  of 
body  inclinations  away  from  the  vertical  position  [11]. 

Examples  of  accuracy  of  orientation  in  an  altered  gravity-inertial  field 
(angle  of  deviation  from  gravity  vector,  in  degrees) 


. . . 

Stacie  of  studv 

Subject 

SR 

inclination  angle,  degrees 

qp 

Parameter 

BG 

0.5 

1 

5 

i° 

15 

) 

B-a 

Subjective  vertical 
Angle  of  body  tilt 

!  0,1 
-1-0.5 

-—9,8 

■1-15,8 

•  -13,6 
13,6 

-  -16,3 

1  7,3 

— 16,0 
— 2.1 

-17,3 

-1.1 

. 19,5 

- 1  4,0 

-1,6 

-1-0,8 

Zh-v 

Subjective  vertical 
Angle  of  body  tilt 

-0,3 

--2,3 

—4,0 
■  1-6,4 

--2,5 

-1-12,8 

—0,4 
+  10,6 

--6.4 

+9,8 

-3,0 
r  13,6 

—5,4 
+  15,0 

-1,8 

+0,3 

Key:  BG)  background  SR)  start  of  rotation  SC)  centrifuge  stopped 


Analysis  of  individual  results  revealed  that,  while  the  subjects  determined  PPBM 
more  accurately  than  the  subjective  vertical  in  the  goniometer  test,  when 
rotated  on  the  centrifuge  they  presented  a  deviation  primarily  of  the  subjective 
vertical.  Conversely,  while  mostly  PPBM  errors  were  recorded  in  the  former 
case  there  was  less  deviation  of  the  subjective  vertical  in  the  latter.  On. 
the  basis  of  these  data  it  can  be  assumed  that  the  correlation  between  dynamics 
of  the  subjective  vertical  and  PPBM  typical  of  a  specific  individual,  which  is 
manifested  by  different  conditions  of  developing  the  sensation  of  banking, 
reflects  interaction  between  vestibular  and  proprioceptive  modalities  in  per¬ 
ception  of  spatial  coordinates,  with  consideration  of  individual  distinctions 
of  adaptation  and  other  characteristics  of  these  sensory  systems. 


However,  neither  the  method  of  Witkin  to  determine  the  capacity  for  spatial 
orientation  nor  its  modification  take  into  consideration  the  modulating  effect 
of  adaptation  processes  in  the  vestibular-proprioceptive  complex  to  such  a 
characteristic  of  man's  mode  of  orientation  as  egocentncity ,  i.e.,  indepen 
dently  of  location  of  visually  perceived  cues  [12].  At  the  same  time,  it  has 
been  established  that  a  pilot's  use  of  the  egocentric  system  of  coordinates 
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lowers  the  efficiency  and  reliability  of  assessing  the  spatial  position  of  an 
aircraft  [6],  In  this  regard,  it  can  be  assumed  on  the  basis  of  the  foregoing 
that  development  of  methods  of  assessing  the  individual  profile  of  vestibular- 
proprioceptive  orientation  in  an  altered  gravity-inertial  field  could  be  one 
of  the  means  of  improving  tests  to  assess  a  pilot's  capacity  for  spatial 
orientation.  Our  findings  warrant  the  conclusion  that,  in  developing  such  a 
method,  it  is  desirable  to  make  a  combined  determination  of  the  dynamics  of 
subjective  vertical  and  body  position  during  simulation  of  the  effects  on  man 
of  dynamic  factors  of  flight  in  aircraft. 
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[English  abstract  from  source]  Blood  rheological  parameters  of 
essentially  healthy  people  were  examined  during  exercises  of  a 
maximal  workload  and  14-day  head-down  tilt.  The  results  obtained 
indicate  that  in  people  performing  normal  and  increased  motor 
activity  some  rheological  parameters  were  different.  Changes  in 
the  rheological  parameters  of  blood  after  head-down  tilt  and 
exercises  with  a  maximal  workload  suggest  the  existence  of  a  blood 
viscosity  threshold  above  which  physical  work  capacity  declines 
significantly.  The  capacity  can  be  restored  through  a  correction 
of  blood  viscosity  in  the  recovery  period.  The  basic  rheological 
properties  of  blood  can  be  improved  by  regular  physical  training. 

[Text]  It  is  a  known  fact  that  man's  physical  work  capacity  depends  largely 
on  the  body's  oxygen-transport  capabilities  (OTC).  Minute  volume  (MV)  is  an 
important  factor  that  determines  these  capabilities.  This  parameter  depends 
to  some  extent  on  blood  rheological  properties,  which  are  determined  primarily 
by  its  viscosity.  Thus,  increased  blood  viscosity  increases  peripheral  vas¬ 
cular  resistance  to  blood  flow,  which  hampers  venous  return  of  blood  to  the 
heart  and,  consequently,  could  lower  MV  [11],  and  this  means  it  could  also 
lower  OTC. 

The  results  of  studies  conducted  by  a  number  of  authors  [9,  14,  15,  16]  have 
shown  that  physical  exercise,  particularly  at  submaximum  and  maximum  aerobic 
intensity,  is  associated  with  exit  of  fluid  from  the  vascular  bed  without  an 
associated  quantitative  change  in  erythrocyte  mass  [2,  9].  Analogous  data 
were  obtained  in  experiments  with  simulation  of  weightlessness  [6].  Loss  of 
fluid  from  the  vascular  bed  must,  of  course,  lead  to  increase  in  blood  concen¬ 
tration  and,  consequently,  in  blood  viscosity. 

In  view  of  the  foregoing,  it  is  of  theoretical  and  practical  interest  to 
investigate  the  rheological  parameters  of  blood  in  essentially  healthy 
individuals  submitted  to  different  extreme  conditions  (physical  exercise  at 
the  level  of  maximum  oxygen  uptake — MOU,  and  antiorthostatic  hypokinesia  AOH 
[head-down  tilt]),  differing  in  levels  of  physical  conditioning. 
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Methods 


We  had  3  groups  of  essentially  healthy  men,  22-35  years  of  age,  under  observa¬ 
tion.  The  1st  and  2d  groups  consisted  of  18  men  each  whose  motor  activity 
was  ordinary  and  the  3d,  18  athletes  who  were  in  training  for  endurance: 

11  medium  and  long  distance  runners,  3  bicyclists  and  4  oarsmen.  Five  of 
the  athletes  were  ranked  in  the  1st  category,  5  were  candidates  for  sports 
masters,  7  were  masters  of  sports  and  1  was  a  sports  master  of  the  international 
class.  The  subjects  of  the  1st  group  spent  14  days  on  strict  bedrest  in  anti¬ 
orthostatic  position  (head-down  tilt  at  -8°);  the  2d  and  3d  groups  exercised 
with  progressive  increase  in  load  on  a  Monark  bicycle  ergometer.  At  first 
their  load  was  500-600  kg-m/min  for  5  min,  then  after  3  min,  1300-1750  kg-m/min 
also  for  5  min.  These  two  loads  were  used  to  determine  the  size  of  the  third 
(basic)  load.  The  third  load  began  after  resting  for  5  min  and  lasted  as  long 
as  the  subjects  could  perform.  This  load  was  selected  so  as  to  require  per¬ 
formance  at  MOU  level.  Pedaling  rate  of  60  r/min  paced  with  a  metronome  was 
maintained  constantly  with  all  load  levels.  Blood  was  drawn  from  the  ulnar 
vein  before  and  after  exercise  to  assay  hematocrit  (Hct) ,  hemoglobin  concentra¬ 
tion  (Hb)  and  blood  viscosity.  In  addition,  we  determined  the  parameters  of 
caisson  viscosity  (K) ,  limit  of  blood  viscosity  (x0)  and  we  calculated  the 
coefficient  of  red  cell  aggregation  (A).  Blood  viscosity  at  3  velocities  of 
"shift"  (0.5,  1.0  and  5.0  s-1)  was  determined  with  the  rotating  viscometer  of 
V.  N.  Zakharchenko  at  a  temperature  of  25+0. 1°C.  Loss  of  plasma  (A%  pV)  from 
the  vascular  bed  was  calculated  using  the  method  proposed  by  Dill  and  Costill 
[10]. 

Results  and  Discussion 

Table  1  lists  base  parameters  of  blood  for  all  three  groups  of  subjects. 

The  results  are  indicative  of  differences  in  several  of  the  base  parameters  of 
blood  in  the  3d  group  of  subjects,  as  compared  to  representatives  of  the  1st 
and  2d  groups. 

Table  1.  Mean  base  rheological  parameters  of  blood  (M±m) 


Group 
of 
sub  j . 

Viscosit] 
shift  v( 

o .  r»  s~* 

/  (epoise 
slocity  o 

1  ,o  s_I 

i  at 
f 

5. OS'  1 

K, 

cpois< 

To, 

dynes/ 

5  cm 2 

A, 

dynes/ 
cm  2XL0-6 

Hct.  % 

HI). 

g% 

1 

25,81 

18,29 

10,37 

5,33 

0,0376 

0,595 

47,20 

15,70 

±1,05** 

±0,70** 

±0,48 

±0,39 

-i  0,0060* 

±0,057 

+0,66* 

±0,55 

2 

24,45 

17,66 

10,19 

5,76 

0,0378 

0,639 

47,83 

15,45 

±1,70* 

±0,97* 

±0,74 

±0,46 

±0,0056* 

±0,105 

±0,51** 

±0,20 

3 

19,66 

14,67 

9,40 

5,97 

0,0229 

0,490 

45,39 

15,12 

±1,06 

±0,63 

±0,51 

±0,57 

±0,0039 

±0,097 

±0,50 

±0,28 

^Differs  reliably  from  3d  group  parameters  according  to  Student's  t 
criterion  at  P<0.05. 

**Same  at  P<0.01. 

An  increase  in  blood  flow  rate  is  one  of  the  adaptive  mechanisms  aimed  at 
adequate  delivery  of  oxygen  to  functional  muscles  during  exercise.  In  turn, 
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an  increase  in  blood  velocity  also  implies  an  increase  in  velocity  of  shift 
in  the  flow  of  blood,  and  the  lower  the  base  rheological  parameters  of  blood, 
the  higher  the  velocity  of  shift.  It  is  important  to  note  that,  under  condi¬ 
tions  of  shifting  flow,  oxygenation  of  blood  is  directly  related  to  velocity 
of  shift  in  the  range  of  velocities  of  shift  from  0  to  230  s-1.  It  becomes 
obvious  that  the  lower  the  base  viscosity  of  blood,  limit  of  blood  viscosity 
and  hematocrit  in  representatives  of  the  3d  group  potentially  increase  OTC 
and,  consequently,  human  endurance  of  exercise. 

Table  2  lists  the  mean  rheological  parameters  for  subjects  in  the  three  groups 
studied  after  the  load  (maximum  exercise  at  MOU  level  and  14-day  AOH  -8°). 

Table  2.  Mean  rheological  parameters  after  test  factors  (M±m) 


Group 

of 

sub! . 

Viscosity  (cpoise) 
at  shift  velocity 

K, 

To/ 

dynes/ 

cm2 

A, 

dynes/ 

cm2xl0~6 

Met.  % 

Mb ,  g  % 

A  %  pV 

0,:, 

1.0  ~l 

5,0  _1 

2p01 SG 

1 

33,34 

24,75 

15,08 

9,07 

0,0397 

0,513 

50,60 

17,73 

—10,1 

+  2,18 

+  1,55 

±1,00 

+0,80 

+0,0040 

+0,009 

±  1 ,23 

±0,47 

±4,37 

2 

30,04 

20,08 

14,98 

7,84 

0,0592 

0,028 

52,11 

10,79 

. 15,9 

+  1,00 

+  0,84 

+0,72 

+0,00 

±0,0105 

+0,103 

±0,40 

±0,26 

±1,27 

3 

33,55 

23,87 

14,20 

7,44 

0,0570 

0,730 

50,00 

16,30 

-14,9 

±1,20 

+0,92 

±0,54 

±1,38 

+0,0090 

+0,120 

±0,71 

±0,71 

±1,48 

The  data  listed  in  Table  2  indicate  that  there  was  significant  change  in  all  of 
the  rheological  parameters  studied  in  all  groups  of  subjects,  as  compared  to 
their  base  values.  Since  both  exercise  and  AOH  are  associated  with  exit  of 
plasma  from  the  blood  stream  without  concomitant  quantitative  change  in  erythro¬ 
cyte  mass,  the  main  factor  causing  worsening  of  blood  rheological  parameters 
in  the  three  tested  groups  after  use  of  these  factors  is  the  increase  in 
blood  concentration.  This  is  confirmed  by  the  significant  increase  in  concen¬ 
tration  of  hemoglobin  and  hematocrit,  as  compared  to  the  base  level  (see 
Tables  1  and  2) . 

With  increase  in  concentration  of  hemoglobin  in  blood,  there  is  increase  in 
its  oxygen  capacity  and,  consequently,  potential  increase  in  the  body's  OTC. 

At  a  certain  stage  this  fact  could  be  viewed  as  one  of  the  mechanisms  of 
human  adaptation  to  large  physical  loads.  On  the  other  hand,  this  is  associ¬ 
ated  with  increase  in  blood  viscosity,  which  has  an  adverse  effect  on  cardiac 
output  [11]. 

The  reliable  decrease  in  oxygen  uptake  and  decrease  in  CO2  output  in  people  on 
strict  bedrest  or  submitted  to  AOH,  which  have  been  observed  by  several  authors 
[3,  4,  8],  are  apparently  related  to  increase  in  blood  viscosity.  The  latter 
leads  to  increase  in  general  peripheral  resistance  to  blood  flow  and  thus 
could  lower  MV  [11]. 

The  absence  of  appreciable  differences  in  the  end  results  is,  in  our  opinion, 
a  rather  important  factor,  particularly  if  we  consider  that  the  subjects  in 
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the  second  and  third  groups  refused  to  continue  with  the  test  at  very  similar 
levels  of  rheological  parameters.  The  force  of  the  exercise  done  on  the 
ergometer  by  the  third  group  of  subjects  was  considerably  greater  than  that 
done  by  the  second  group.  This  indicates  that  there  is  a  limit  of  blood 
concentration,  beyond  which  it  is  virtually  impossible  to  perform  physical 
work  that  requires  specific  effort.  If  we  assume  that  such  a  limit  does 
indeed  exist,  it  is  hard  to  expect  retention  of  high  physical  work  capacity 
(endurance)  in  subjects  of  the  first  group  submitted  to  AOH.  Indeed,  a 
decrease  in  work  capacity  of  subjects  submitted  to  factors  simulating  weight¬ 
lessness  had  been  demonstrated  by  many  researchers  and  is  not  questioned  [5, 
13].  Probably,  the  increase  in  blood  viscosity  and,  consequently,  impairment 
of  the  body's  OTC  play  a  deciding  role  in  lowering  physical  work  capacity. 

In  this  case,  it  can  be  assumed  that  the  decrease  demonstrated  by  several 
authors  [1,  7,  12]  in  cellular  elements  of  blood  against  the  background  of 
fluid  loss  from  the  vascular  bed  in  individuals  during  actual  spaceflights 
is  one  of  the  adaptive  mechanisms  aimed  at  lowering  blood  viscosity  and  re¬ 
lated  disturbances  of  OTC.  It  is  imperative  to  serach  for  methods  of  correct¬ 
ing  blood  \'iscosity  in  the  recovery  period  following  the  extreme  states 
studied  in  order  to  restore  physical  work  capacity. 
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[English  abstract  from  source]  Typological  characteristics  of 
central  and  peripheral  (legs  and  viscera)  circulation  were 
identified  in  90  clinically  healthy  people  exposed  to  active  and 
passive  orthostatic  tests.  The  following  three  hemodynamic 
states  were  distinguished:  hypokinetic,  hyperkinetic  and  inter¬ 
mediate  types  of  circulation.  As  compared  to  the  passive  tests, 
in  the  active  states  cardiac  output  decreased,  leg  blood  flow 
increased  and  viscera  blood  flow  decreased.  At  the  stage  of 
stabilized  hemodynamics  inotropic  cardiac  stimulation  was  pre¬ 
dominant  during  passive  orthostatic  tests.  In  the  former  tests 
changes  in  cardiac  output  and  blood  redistribution  between  leg 
and  viscera  circulations  were  more  distinct.  Mechanisms  of  hemo¬ 
dynamic  changes  are  discussed. 

[Text]  Active  and  passive  orthostatic  tests  have  been  used  for  a  long  time  in 
clinical  and  experimental  practice  to  assess  the  functional  state  of  the 
cardiovascular  system  and  neurohumoral  mechanisms  of  regulation  of  circulation. 
However,  there  is  only  fragmentary  information  in  the  literature  concerning  the 
comparative  characteristics  of  hemodynamic  changes  during  active  and  passive 
orthostatic  tests  [12-14]. 

The  results  of  recent  studies  [1,  2,  5,  7]  indicate  that  redistribution 
changes  in  central  and  peripheral  hemodynamics  are  very  important  to  compensa¬ 
tion  of  the  hydrostatic  factor  when  the  body  is  in  orthostatic  position.  The 
differences  between  active  and  passive  orthostatic  positions  also  determine 
differences  in  degree  of  strain  on  regulatory  mechanisms  of  circulation  [1,  2]. 
Studies  in  this  direction  are  important,  not  only  to  confirm  the  conception  of 
relevance  of  hydrostatic  and  functional  redistribution  of  blood  flow  to  control 
of  circulation  in  orthostatic  position,  but  also  to  expand  the  capabilities  of 
physiological  interpretation  of  results  obtained  and  increase  the  diagnostic 
informativeness  of  orthostatic  tests. 
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Our  objective  here  was  to  make  a  comparative  study  of  external  respiration, 
central  and  peripheral  hemodynamics  in  healthy  subjects  during  active  and 
passive  orthostatic  tests. 

Methods 

Using  a  standardized  method  [3,  4],  we  performed  active  and  passive  orthostatic 
tests  on  90  clinically  healthy  subjects  24  to  45  years  of  age,  on  different 
days  after  a  5-7-day  stay  at  a  hospital. 

Spirography  was  used  to  assess  the  basic  parameters  of  external  respiration. 
Central  hemodynamics  were  studied  by  tetrapolar  thoracic  rheography  [8],  On 
the  basis  of  the  latter,  in  order  to  assess  peripheral  hemodynamics  and  redis¬ 
tribution  of  circulation  we  used  the  technique  of  regional  tetrapolar  rheo¬ 
graphy  which  we  modified  somewhat  [6,  8,  11]  and  which  enabled  us  to  assess 
blood  flow  dynamics  in  the  viscera  and  muscles  of  the  pelvic  girdle  and  ex¬ 
tremities.  The  desirability  of  testing  these  parts  of  the  body  is  validated 
because  of  the  most  marked  redistribution  in  orthostatic  position  of  blood 
flow  between  the  vascular  pools  of  internal  organs  and  skeletal  muscles 

Figure  1  illustrates  how  electrodes  are 
placed  and  connected  to  record  parameters 
of  central  and  regional  hemodynamics.  The 
generator  (current)  electrodes  of  an 
RPG2-02  rheoplethysmograph  were  placed 
as  follows:  first  circular  electrode  on 
the  neck  (see  Figure  1,  1.1),  the  second, 
paired,  in  the  lower  third  of  the  leg 
above  the  malleoli  (1.2).  Potential 
(measuring)  electrodes  were  placed  by  the 
standard  method  [8]:  one  on  the  neck  (2.1) 
and  the  other  on  the  trunk  on  the  level  of 
the  xiphoid  process  (2.2). 


Measurement  of  general  blood  flow  in  inter¬ 
nal  organs  was  made  between  the  potential 
electrode  on  the  lower  abdomen,  below  the 
umbilicus  (3)  and  electrode  on  the  trunk 
(2.2).  Blood  flow  in  pelvic  girdle 
muscles  and  muscles  of  the  limbs  was 
measured  between  electrode  4  and  the 
pair  of  electrodes  placed  above  the  malle¬ 
oli  ( 4 ) .  The  distance  between  the 
current  and  closest  potential  electrodes 
was  at  least  3-4  cm. 

Stroke  volume  (SV)  was  calculated  using  the  standard  formula  [8]: 

L2 

SV  =  150  y?  *  Adif  * 


involved  in  active  standing  [1]. 


Figure  1. 

Diagram  of  placement  of  electrodes 
for  rheographic  examination  of 
central  and  peripheral  hemodynamics. 
Explanation  given  in  the  text 
MOK)  circulation  volume  or 
cardiac  output 
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The  parameters  of  minute  blood  flow  in  viscera  (PMFv)  and  extremities  (PMFe) 
were  determined  from  the  following  general  condition. 

T  2 

PMF  =  •=—  *  Adif  *  Tw  #  HR>  arbitrary  units 
Z 

where  L,  Z,  Adif  and  T u  correspond  to  the  rheographic  characteristics  of  the 
measured  part  of  the  body  and  HR  is  heart  rate. 

For  analysis  we  used  indexed  (scaled  to  body  surface)  parameters  of  central  hemo¬ 
dynamics:  stroke  index  (SI,  in  m£/m2),  cardiac  index  (Cl,  A/m  ),  specific  peri¬ 
pheral  resistance  of  vessels  (SPR,  dyne* s*cm“5) .  Cardiac  contractility  was 
assessed  by  the  amplitude  of  the  differential  rheogram  (Adif)  which  reflects 
the  rate  of  ejection  of  blood  at  the  first  phase  of  the  ejection  period  [10]. 

Regional  hemodynamics  were  assessed  by  the  PMFv  and  PMFe  and  according  to 
nominal  parameters  of  regional  vascular  resistance  in  internal  organs  (PRRv  - 
BPm/PMFv*100,  arbitrary  units)  and  extremities  (PRRe  =  BPm/PMFv* 100,  arbitrary 
units),  where  BPm  is  mean  arterial  pressure. 

We  used  the  Korotkov  method  to  measure  systolid  (BPs)  and  diastolic  (BPd) 
arterial  pressure  (mm  Hg)  .  BPm  was  calculated  with  the  formula,  BPm-  BPd  + 

0.42  (BPs  -  BPd). 

External  respiratory  function  was  evaluated  by  minute  oxygen  uptake  scaled  to 
body  surface  (02U,  m£/m2) ,  respiration  rate  (RR/min) ,  tidal  volume  (TV,  mi)  and 
minute  volume  (MV,  mil /min) .  We  calculated  complex  cardiorespiratory  parameters: 
oxygen  pulse  (OP  -  02U/HR)  and  parameter  of  arteriovenous  difference  (AVD  - 

02U/CI). 

These  parameters  were  recorded  under  basal  metabolic  conditions  in  a  clino- 
static  position.  For  the  next  20  min  of  orthostatic  testing,  the  parameters 
were  recorded  in  the  1st,  5th,  10th,  15th  and  20th  min.  The  hemodynamic 
changes  were  assessed  as  percentage  of  parameters  in  clinostatic  state  taken 

as  100%. 

Results  and  Discussion 

Analysis  of  typological  distinctions  of  central  circulation  enabled  us  to. 
distinguish  three  hemodynamic  states  in  healthy  subjects  during  orthostatic 
testing.  The  parameters  considered  were  analyzed  according  to  the  transitiona 
period  (1-5  min)  and  period  of  stabilized  hemodynamics  (10-20. min)  of  orthostatic 
state.  We  made  a  distinction  between  hypokinetic  (I),  hyperkinetic  (III)  ,  as 
well  as  intermediate  or  mixed  (II)  types  according  to  changes  in  cardiac  output 
during  the  period  of  stabilized  hemodynamics.  These  types  are  characterized 
by  individual  features  of  hemodynamic  state  in  orthostatic  position,  and 
for  this  reason  they  were  reproducible  upon  repeated  checking  and  persisted 
during  the  passive  orthostatic  test.  The  comparative  data  illustrated  in 
Figure  2  demonstrate  distinct  differences  between  the  circulation  types  in 
orthostatic  position  with  regard  to  the  basic  hemodynamic  parameters.  There 
ware  particularly  distinct  differences  in  dynamics  of  SI,  Cl,  SPR  and  Adif, 
which  are  parameters  reflecting  the  state  of  the  basic  hemodynamic  mechanisms 
of  maintaining  BPm. 
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Figure  2.  Dynamics  of  parameters  of  central  hemodynamics  in  healthy 

subjects  during  active  (solid  lines)  and  passive  (dash  lines) 
orthostatic  tests 

Here  and  in  Figures  3  and  4,  x-axis:  0 — characteristics  of  total  sample,  I, 

II  and  III — types  of  hemodynamic  states  in  orthostatic  position;  y-axis, 
time  (min) . 

The  bars  show  parameters  of  transitional  period  (a)  and  stabilized  state  (b) 
during  active  (black  bars)  and  passive  (white)  orthostatic  tests.  The 
dots  indicate  reliable  differences  (P<0.05).  A-G  refer  to  BPm,  SI,  Cl, 

SPR,  Adif  and  parameter  of  arteriovenous  difference  for  02,  respectively. 

All  three  types  (I,  II  and  III)  differ  reliably  from  one  another  in  the  passive 
orthostatic  test  (I  and  II— P<0.05;  II  and  III— P<0.001)  in  changes  of  visceral 
blood  flow  (according  to  PMFv) .  We  should  call  attention  to  the  fact  that  the 
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hemodynamic  states  during  orthostatic  tests  differ  from  one  another,  not  only 
in  quantitative  characteristics  but  also  in  qualitative  manifestations  o 
changes  in  regional  blood  flow,  which  is  particularly  important  (Figure  3). 

Thus,  while  marked  and  reliable  decline  of  PMF  m  viscera  (by  26/.,  P<0.01)  is 
observed  with  the  hypokinetic  type,  in  hyperkinetic  state  there  is  the  oppo 
site  reaction-blood  flow  increases  by  18%  (P<0.01)  and  23/  (P<0.01)  m  the 
transitional  period  and  period  of  stabilized  central  hemodynamics,  respectively. 
With  type  II,  the  changes  in  PMFv  are  intermediate,  being  similar  m  direc 
tion  to  the  characteristics  of  type  I  (hypokinetic) . 
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Figure  3.  Dynamics  of  parameters  of  peripheral  hemodynamics  in  healthy 
subjects  during  active  (solid  lines,  black  bars)  and  passive 
(dash  lines,  white  bars)  orthostatic  tests 

a)  transitional  period 

b)  period  of  stabilized  state 

A-D)  PMFe,  PMFv,  PRRe  and  PRRv,  respectively 


Consistent  with  the  observed  changes  in  PMFv  with  the  first  type,  vascular 
resistance  increased  by  53  and  61%  in  the  different  periods  of  ^effi^ynamic 
changes  during  orthostatic  tests.  This  increase  was  less^marked  with  type 
and  with  the  hyperkinetic  type  PRRv  decreased  by  2  and  10%,  as  compared  to 
clinostatic  rest. 


Less  distinct 
dynamic  states 


qualitative  differences  were  demonstrable  between  types  of  hemo 
in  the  active  orthostatic  test  with  regard  to  changes  in  blood 
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flow  in  muscles  of  the  pelvis  and  lower  extremities.  With  all  types  we  observed 
increase  in  PMFe,  which  apparently  reflected  a  manifestation  of  a  general  condi¬ 
tion:  increased  muscle  tone  in  lower  limbs  when  standing.  With  respect  to  the 
vascular  reaction,  it  should  be  noted  that,  while  PRRe  diminished  by  3-13%  with 
types  I  and  III,  peripheral  vascular  resistance  increased  by  9-12%  with  type  II. 
This  distinction  of  vascular  reactions  of  lower-limb  muscles  with  the  inter¬ 
mediate  type  is  perhaps  related  to  transitional  differences  in  controlling  cir¬ 
culation  in  this  hemodynamic  state  during  orthostatic  tests.  This  reaction 
could  be  compared  to  the  general  direction  of  changes  in  parameters  of  central 
hemodynamics.  The  change  from  a  hypokinetic  state  to  an  intermediate  one 
during  the  orthostatic  tests  is  characterized  by  significant  attenuation  of 
manifestation  of  the  orthostatic  factor  by  cardiac  output  changes,  with  retention 
of  a  rather  marked  general  vascular  reactivity  (increase  of  SPR)  in  orthostatic 
position  and  marked  systemic  increase  of  peripheral  vascular  resistance  in 
clinostatic  position.  Evidently,  the  increase  in  regional  vascular  resistance 
reflects  intensification  of  constrictor  regulation  of  vascular  tonus  in  inter¬ 
mediate  and  hyperkinetic  states. 

Thus,  the  basic  parameters  of  hemodynamic  state  during  orthostatic  tests  also 
differ  quite  distinctly  in  regional  blood  flow  characteristics.  This  correla¬ 
tion  is  particularly  marked  for  minute  blood  flow  and  peripheral  resistance  of 
visceral  vessels.  The  direction  of  change  in  these  parameters  corresponds  en¬ 
tirely  to  the  typological  characteristics  of  dynamics  of  cardiac  output  and 
total  vascular  resistance  in  orthostatic  position  (see  Figure  2).  This  warrants 
the  assumption  that  PMFv  depends  strongly  on  the  state  of  central  hemodynamics. 
The  validity  of  this  conclusion  is  reinforced  by  the  ratio  of  regional  blood 
flow  to  cardiac  output.  Indeed,  there  are  no  differences  between  all  of  the 
hemodynamic  states  with  regard  to  the  PMFv/CI  ratio  (Figure  4,  bottom).  In 
addition  to  dependence  on  total  cardiac  output  with  all  three  types  of  hemo¬ 
dynamic  states  there  is  relative  increase  in  blood  flow  to  internal  organs 
when  standing.  We  relate  this  distinction  to  "autonomy  of  regulation"  or  the 
evasion  phenomenon  [5,  9].  This  distinction  is  considerably  more  marked  for 
circulation,  muscles  of  the  pelvis  and  lower  extremities.  It  is  manifested 
by  more  marked  increase  in  PMFe/CI  than  PMFv/CI  in  the  hypokinetic  hemodynamic 
state,  i.e.,  the  type  with  which  the  orthostatic  factor  is  the  most  marked. 

Considering  that  the  ratio  of  regional  blood  flow  to  cardiac  output  (PMF/CI) 
reflects  self-regulatory  manifestations  in  the  peripheral  circulation,  we  can 
arrive  at  the  conclusion  that,  with  type  I  hemodynamic  state,  in  addition  to 
marked  manifestation  of  the  orthostatic  effect,  there  is  greater  functional 
reactivity  of  systemic  and  peripheral  mechanisms  of  vascular  regulation  of 
circulation.  This  is  indicated  both  by  the  increase  in  P!fF/CI  and  marked 
increase  in  SPR  in  orthostatic  position. 

We  were  impressed  by  the  progressive  decline  of  this  reactivity  from  type  I  to 
III  (narrowing  of  hatched  area  in  Figure  4) .  With  type  III  central  hemo¬ 
dynamics  in  orthostatic  position,  there  is  significant  decline  of  regional 
vascular  reactivity.  It  should  also  be  noted  that  the  change  in  peripheral 
vascular  reactivity  parallels  systemic  vasoconstriction  in  increasing  the 
basic  vascular  tonus  at  clinostatic  rest.  The  general  systemic  reaction  is 
characterized  by  the  same  direction,  which  is  manifested  by  less  marked  in¬ 
crease  in  SPR  in  orthostatic  position  (see  Figure  2). 
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Figure  4.  Dynamics  of  redistribution  changes  in  regional  circulation 

during  active  (figure  xtfith  base)  and  passive  orthostatic  tests 

Top:  solid  lines,  PMFe,  dash  lines  PMFv;  hatched  bars  PMFe/PMFv  in  lst-5th 

and  10th-20th  min.  .  .  , .  „  _ 

Bottom:  typological  characteristics  of  peripheral  circulation  according 
redistribution  of  minute  volume  (PMF/CI)  in  active  (left)  and  passive 
(right)  orthostatic  tests,  a)  PMFe/CI,  b)  PMFv/ Cl.  The  roman  numerals 
indicate  type  of  hemodynamic  state.  Other  explanations  given  in  the  text. 


Thus  in  orthostatic  position  we  see  distinct  redistribution  of  the  central 
blood  volume  in  the  vascular  system  of  the  viscera  and  muscles  of  the  pelvis  and 
lower  extremities.  This  redistribution  is  associated  with  increased  blood  flow 
in  these  regions  relative  to  cardiac  output.  The  redistributional  changes  are 
particularly  marked  in  the  vascular  system  of  muscles  of  the  pelvis  and  lower 
limbs.  Such  a  correlation  between  regional  hemodynamic  changes  in  internal 
organs  and  limbs  was  manifested  by  increase  in  parameter  of  interregional  redis 
tribution  of  blood  flow,  PMFe/PMFv  (see  Figure  4).  This  parameter  reveals, 
reliable  differences  between  the  basic  hemodynamic  states  during  orthostatic 
tests.  The  interregional  redistribution  of  blood  flow  in  internal  organs  and 
extremities  is  the  most  marked  with  the  hypokinetic  type  (61-78%  increase  in 
PMFe/PMFv).  With  type  III  hemodynamics,  there  were  virtually  no  redistribuion 
changes  (PMFe/PMFv  increased  by  only  1-8%).  These  changes  were  intermediate 
in  nature  with  type  II. 

Considering  the  fact  that  the  hemodynamic  states  we  distinguished  differ 
qualitatively  in  characteristics  of  central  and  peripheral  circulation,  we 
made  a  comparative  analysis  of  effects  of  active  and  passive  orthostatic 
tests  for  the  three  distinguished  types  of  hemodynamics. 
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SI  and  Cl  diminished  with  both  the  passive  and  active  orthostatic  tests  over 
their  entire  duration  in  subjects  with  types  I  and  II  hemodynamics  (see  Figure 
2).  In  contrast,  there  was  relatively  minor  decline  of  SI  with  increase  in 
Cl  with  type  III  in  orthostatic  position,  which  was  more  marked  during  active 
standing.  This  indicates  that  there  is  different  manifestation  of  the  ortho¬ 
static  factor,  more  marked  with  types  I  and  II  hemodynamic  states.  Thus,  it 
is  expedient  to  consider  expressly  these  types  in  making  a  comparative 
analysis  of  hemodynamic  effects  of  passive  and  active  orthostatic  tests. 

In  the  transitional  period  (1-5  min)  and  at  the  stage  of  stabilized  hemodynamics, 
SI  and  Cl  diminished  more  markedly  in  the  active  orthostatic  test.  The  most 
reliable  (P<0.05)  differences  in  decline  of  SI  and  Cl  were  demonstrable  in  the 
transitional  period,  particularly  the  1st  min  of  the  orthostatic  test  (see 
Figure  2).  It  is  important  to  note  that  HR  was  reliably  higher  in  passive 
orthostatic  position,  while  the  velocity  of  cardiac  output  did  not  differ 
reliably.  Consequently,  the  more  marked  decline  of  cardiac  output  in  active 
orthostatic  position  cannot  be  unequivocally  related  to  changes  in  chronotropic 
or  inotropic  function  of  the  heart.  In  addition,  stroke  output  of  the  heart 
during  stabilized  hemodynamics  (10-20  min)  in  active  orthostatic  position  was 
relatively  higher  and  related  to  reliably  higher  velocity  of  cardiac  output, 
as  compared  to  passive  orthostatic  position.  This  is  indicative  of  greater 
inotropic  stimulation  of  the  heart  in  this  period  of  active  orthostatic  position. 

The  more  marked  decline  of  cardiac  output  in  active  orthostatic  position  than 
in  passive  is  also  indicative  of  more  marked  redistribution  of  blood  during 
active  standing.  Since  the  latter,  unlike  passive  orthostatic  position,  is  as 
associated  with  increase  in  tonus  of  antigravity  muscles,  it  can  be  concluded 
that  the  functional  efficiency  of  the  muscular  pump  is  limited  when  standing. 

It  can  also  be  assumed  that  the  decline  of  cardiac  output  in  active  orthostatic 
position  is  related  to  additional  redistribution  of  blood  to  the  vascular  system 
of  muscles,  particularly  those  of  the  pelvic  girdle  and  lower  extremities.  In 
addition,  the  more  marked  manifestation  of  the  orthostatic  factor  in  active 
orthostatic  position  leads  to  more  marked  stimulation  of  compensatory  mechanisms 
in  the  period  of  stabilized  hemodynamics,  and  this  stimulation  is  optimal  in 
active  orthostatic  position,  and  it  is  manifested  by  enhancement  of  inotropic 
function  of  the  heart,  whereas  in  passive  orthostatic  position  cardiac  compen¬ 
sation  of  primary  hemodynamic  changes  occurs  by  intensification  of  chronotropic 
function,  as  manifested  by  a  higher  HR. 

In  view  of  the  foregoing,  it  is  of  definite  interest  to  compare  the  changes  in 
regional  blood  flow  in  active  and  passive  orthostatic  positions.  Examination 
of  the  general  dynamics  of  changes  in  blood  flow  of  internal  organs,  muscles 
of  the  pelvis  and  lower  limbs  revealed  that,  according  to  the  PMFv  parameter, 
there  was  more  marked  reduction  of  visceral  blood  flow  in  active  orthostatic 
position  than  in  passive  (see  Figure  3).  Concurrently,  there  is  increase  in 
absolute  blood  flow  in  the  extremities  when  standing:  by  14%  in  the  transitional 
period  and  20%  in  the  period  of  stabilized  state.  In  contrast,  this  parameter 
(PMFe)  is  lower  in  passive  orthostatic  position,  and  it  increases  by  only 
7  and  1%,  respectively. 

Considering  the  fact  that  the  changes  in  regional  blood  flow  could  be  related 
to  changes  in  cardiac  output  in  orthostatic  position,  one  should  relate  the 
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changes  in  regional  blood  flow  to  changes  in  cardiac  output  for  more  °b3ect 
isolation  of  hemodynamic  redistributional  changes.  This  can  be  done  by  us^  g 
the  ratios  PMVv/CI  and  PMFe/CI.  In  fact,  these  parameters  of  peripheral  re 
distribution  reflect,  as  we  indicated  above,  changes  in  volume  of  blood  flow 
in  the  region  examined  in  relation  to  total  minute  volume  of  blood  (see 

Figure  4) . 

Use  of  PMFv/CI  parameter  enabled  us  to  single  out  more  distinctly  the  actually 
self-regulatory  manifestations  of  regional  hemodynamic  changes  in  abdominal 
organs  fn  orthostatic  position.  We  found  that,  with  all  types  of  hemodynamic 
states  there  was  15-16%  increase  in  blood  flow  in  orthostatic  position,  in 
relation  to  the  general  decline  of  cardiac  output,  and  IjpaBBXV^or  thostatic 
uosition  the  increase  was  more  substantial,  by  25-26%.  Blood  f 
increased  in  he  limbs,  but  these  changes  were  even  more  prominent  in  relation 
Jo  changes  in  cardiac  output  according  to  PMFe/CI.  PMFe/CI  increased  by  51% 
in  the  transitional  period  and  by  65%  in  the  period  of  stabilized  hemodynamics. 
In  passive  orthostatic  position,  the  increase  in  blood  flow  in  muscles  of 
pelvis  and  limbs  was  reliably  smaller  than  in  active  orthostatic  positio 
(PMFe/CI  increased  by  only  26  and  37%,  respectively). 

The  different  directions  of  hemodynamic  changes  in  abdominal  orga ns, 
of  the  pelvis  and  lower  extremities  enable-  us  to  assess  from  the  PM  /  - 

the  nature  and  direction  of  redistributional  changes  in  the  vascular  P°ols 
these  regions  (see  Figure  4).  The  increase  in  PMFe/PMFv  in  the  tranBiti-  - 
period  and  with  stabilized  hemodynamics  by  31  and  42%  in  active  • 
position  is  indicative  of  prevalent  and  marked  redistribution  of  circulation 
volume  in  extremital  muscles.  In  passive  orthostatic  position  there  was 
virtually  no  such  redistribution  (PMFe/PMFv  increased  by  only  2  and  8%,  res 
pectively)  .  It  should  be  noted  that  this  distinction  of  interregional  redis 
tribution  was  demonstrable  in  all  hemodynamic  states  during  orthostatic  tests, 
but  it  was  the  most  marked  with  types  I  and  II. 

Our  findings  confirm  our  conception  [1]  of  two  components  of  blood  redistribu¬ 
tion  in  orf  ho  static  position  and  the  importance  of  redistribution  with  a 
functional  or  metabolic  gradient,  which  is  related  to  increased  tonic 
strain  on  muscles  of  the  pelvis  and  lower  limbs  during  active  standing.  It 
not  by  chance  that  it  is  expressly  in  active  orthostatic  position  we  i 
substantial  and  reliable  increase  in  02U/CI  (see  Figure  2),  which _ ref lects 
arteriovenous  difference  for  02,  as  compared  to  passive  ortb°static  posit  . 
The  increase  in  the  latter  parameter  is  indicative  of  a  metabolically  mor 
SncSo^S  st«e  in  active  Orthostatic  position.  This  is  also  indicated  by 
the  somewhat  greater  02  uptake  with  increased  minute  volume  for  the  duration 

of  the  orthostatic  test. 

Our  findings  indicate  that  with  the  change  from  type  I  to  III  hemodynamics  in 

aL  vascular  ”„us  in  response  to  orthostatic  tests.  Such  opticisatxon  as 
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obtained  by  restricting  the  functional  capacities  of  regulation  of  peripheral 
circulation.  There  is  drastic  limitation  of  redistributional  hemodynamic 
changes  against  a  background  of  systemic  vasoconstriction.  This  is  the  chief 
circumstance  indicative  of  the  fact  that  it  is  expressly  in  a  hyperkinetic 
state  that  there  is  complete  elimination  of  hemodynamic  differences  between 
parameters  of  active  and  passive  orthostatic  position. 

The  more  marked  decline  of  cardiac  output  in  active  orthostatic  position,  which 
is  related  to  hydrostatic  and  functional  redistribution  of  blood,  also  causes 
more  marked  systemic  vasoconstriction  intensification  of  inotropic  function  of 
the  heart  during  active  standing  than  in  the  passive  test.  However,  the  per¬ 
sisting  redistribution  of  blood,  particularly  to  vessels  of  the  lower  limbs, 
so  to  speak  decentralizes  hemodynamics.  For  this  reason,  the  increase  in  total 
vascular  resistance  is  associated  with  only  moderate  elevation  of  BPm,  whereas 
in  passive  orthostatic  position  there  is  relatively  less  decline  of  cardiac 
output  against  the  background  of  systemic  vasoconstrictive  reaction,  which 
overlaps  regional  redistribution  and  is  reflected  by  reliably  greater  elevation 
of  BPs,  BPd  and  BPm,  than  in  active  orthostatic  position. 

The  more  distinct  differences  in  regional  redistribution  of  blood  flow  with 
active  and  passive  orthostatic  tests  (to  internal  organs  and  lower  extremities), 
as  compared  to  changes  in  central  hemodynamics,  are  indicative  of  the  great 
importance  of  regulation  of  peripheral  circulation  to  compensation  of  orthostatic 
changes  in  hemodynamics.  The  redistribution  of  blood  in  the  vascular  systems 
of  internal  organs  and  muscles  modifies  and  nullifies  differences,  to  a  sig¬ 
nificant  extent,  in  changes  in  central  hemodynamics  during  the  active  and 
passive  forms  of  orthostatic  tests  and,  in  spite  of  the  significant  decline 
of  minute  blood  volume,  provides  for  the  required  blood  flow  level  for 
actively  functional  muscles  during  standing  and  blood  supply  to  the  viscera. 
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[English  abstract  from  source]  The  content  of  free  amino  acids 
was  measured  in  the  blood  serum  of  6  male  test  subjects  exposed 
to  7— day  immersion.  During  the  study  the  concentration  of  amino 
acids  decreased  in  a  different  manner  typical  of  a  stress-effect. 

The  results  obtained  can  be  used  to  develop  a  system  of  prevention 
and  therapy  of  amino  acid  unbalance. 

[Text]  Numerous  studies  of  recent  years  indicate  that  both  spaceflight  fac¬ 
tors  and  their  simulation  on  the  ground  lead  to  changes  in  parameters  of  amino 
acid  metabolism,  the  severity  of  wich  depends  on  duration,  as  well  as  nature 
of  factor  eliciting  redistribution  of  the  amino  acid  pool  [1,  2,  5-12,  18,  19]. 
There  are  no  data  in  the  literature  concerning  amino  acid  metabolism  during 
immersion  hypokinesia.  We  submit  here  the  results  of  a  study  of  the  blood 
amino  acid  pool  under  the  influence  of  this  factor. 

Methods 

We  used  the  model  of  "dry"  immersion  [14]  as  a  factor  simulating  one  of  the 
chief  effects  of  spaceflights,  weightlessness.  The  tests  were  conducted  in 
a  special  tank  200x100x100  cm  in  size.  A  sheet  of  waterproof  film  was  placed 
on  the  surface  of  the  tank,  and  it  was  of  the  same  size  as  the  tank.  This 
sheet  of  film  served  as  a  barrier  separating  the  subject  from  the  liquid. 

Water  temperature  in  the  tank  was  kept  at  33±0.5°C.  The  subject  was  immersed 
in  the  tank  up  to  his  neck,  in  horizontal  position. 

The  daily  schedule  consisted  of  8-h  sleep,  3  meals  consisting  of  a  controlled 
diet,  a  program  of  clinical  and  physiological  tests  and  personal  time  (watching 
television,  reading,  keeping  diaries).  We  tested  6  healthy  men  25  to  35 
years  of  age.  The  subjects  were  submitted  to  immersion  hypokinesia  for  7  days. 

We  analyzed  free  amino  acids  (FA)  in  the  subjects'  blood  serum  using  an  automatic 
analyzer  with  ion-exchange  chromatography  [3,  16],  Venous  blood  was  drawn  on 
a  fasting  stomach  on  the  2d,  4th  and  6th  days  of  the  experiment.  The  samples 
of  blood  serum  were  deproteinized  with  sulfosalicylic  acid  prior  to  analysis  [15], 
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Free  amino  acid  levels  (mg %)  in  subjects’  blood  serum  during  immersion,  M±m 


Amino  acids 

Back¬ 

ground 

(n  =  5) 

Water  immersion,  days _ _ 

2  (»  =  t>) 

P 

4  («  —  (>) 

P 

6  (/!  —  ()) 

P 

Isoleucine 

Leucine 

Valine . 

Threonine 

Serine 

Methionine 

Tyrosine 

Phenylalanine 

Cystine 

Aspartic  acid 

Glutamic  acid 

Proline 

Glycine 

Alanine 

Sum  of  14  amino  acid: 

0,63+0,10 
1,29+0,16 
2,26+0,11 
3,30+0,1 1 
1,29+0,08 
0,25+0,04 
0,70+0,08 
0,64+0,06 
0,32+0,03 

0,15+0,02 

2,56+0,34 

2,29+0,15 

1,32+0,17 

3,17+0,22 

20,2 

0,60+0,06 

1,31+0,12 

1,84+0,10 

2,29+0,16 

1,19+0,13 

0,35+0,06 

0,66+0,10 

0,59+0,08 

0,30+0,06 

0,10+0,01 

3,17+0,38 

1,92+0,44 

1,37+0,13 

2,49+0,21 

18,2 

>0,1 
>0,1 
<0,05  | 

<0,001 
>0,1 
>0,1 
>0,1 
>0,1 
>0,1 

<0,05 

>0,1 

>0,1 

>0,1 

<0,05 

0,55+0,07 

1,16+0,14 

1,82+0,16 

2,45+0,32 

1,04+0,19 

0,26+0,03 

0,09+0,13 

0,65+0,19 

0,34+0,04 

0,18+0,03 

2,71+0,34 

1,75+0,20 

1,16+0,10 

2,01+0,09 

16,2 

>0,1 

<0,1 

<0,05 

<0,05 

>0,1 

>0,1 

>0,1 

>0,1 

>0,1 

>0,1 

>0,1 

>0,05 

<0,1 

<0,01 

0,72+0,06 

1,18+0,07 

1,90+0,09 

2,38+0,18 

1,09+0,08 

0,27+0,03 

0,69+0,27 

0,64+0,09 

0,32+0,07 

0,12+0,02 

2.37+0,15 

2,14+0,33 

1,26+0,09 

2,30+0,26 

17,4 

>0,1 
>0,1 
>0,05 
<0,02 
>0, 1 
>0,1 
>0,1 

0 

0 

>0,1 

>0,1 

>0,1 

>0,1 

<0,05' 

Results  and  Discussion 


The  data  obtained  in  the  course  of  this  study  concerning  amino  acid  composition 
in  the  subjects  in  the  background  period  and  on  the  2d,  4th  an  t  ^ys  ° 
water  immersion  are  listed  in  the  Table.  Blood  serum  FA  content  in  the  back¬ 
ground  period  was  virtually  the  same  as  the  physiological  norm  and  for  th  s 
reason  we  compared  all  of  the  experimental  results  to  background  data.  As  can 
be  seen  in  the  Table,  there  was  selective  decline  of  FA  in  blood  serum  on  the 
2d  day  of  immersion  hypokinesia:  valine  (P<0.05),  threonine  (P<0.01),  aspartic 
acid  (P<0.05)  and  alanine  (P<0.05).  On  the  4th  and  6th  days,  the  amino  acrd 
spectrum  did  not  change  and  valine,  threonine  and  alanine  remained  at  the  sam 
low  level.  Thus,  water  immersion  elicited  a  differentiated  decline  of  FA  in 
humanblood  se™  and  this,  in  turn,  was  reflected  it, their overaU  content. 

On  the  2d,  4th  and  6th  days,  the  total  ammo  acid  pool  constituted  18.2  1  . 

and  17  4  mg%,  respectively,  which  is  somewhat  less  than  m  the  backgrou 
neriod-20  2  mg %.  In  essence,  the  reduction  of  the  pool  occurred  at  the  ex- 
I™e  of  Inessential  amino  akds.  Evidently,  the  demonstrated  shift  of  ammo 
acid  equilibrium  was  due  to  the  increased  valine,  aspartic  acid  and  alanine 
requirements  during  the  hypokinetic  period  and  their  "  f'u 

needs  of  the  body.  On  the  basis  of  the  existing  data  m  the  literature  [1,  , 

5  12  18  191  which  were  obtained  both  after  spaceflights  and  m  ground-based 

Lpeh^ts  lith ^simulation  of  spaceflight,  it  can  be  maintained  that  the  condi- 
tions  of  7-day  water  immersion  elicit  stressogemc  changes.  Amino  acid  meta 
riiLlelcts'to  a  stress  factor  by  distinctive  redistribution  o  the  amino 
acid  pool  in  particular,  its  decline  in  blood.  Such  a  decline  is,  of  course, 

consistent  with  conventional  conceptions  of  the  physiological  role  of  free 
consistent  wmn  reserve  utilization  of  which  during  a  stress  period 

increases  against  the  background  of  diminished  intensity  of 

cesses  [13].  Expressly  at  this  moment,  the  question  arises  of  mstitut  g 
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preventive  measures  to  restore  amino  acid  balance.  For  this  reason,  our 
findings  concerning  the  blood  serum  amino  acid  spectrum  could  be  useful  in 
elaborating  therapeutic  and  preventive  measures.  It  is  necessary  to  mention 
that  the  body's  protein  supply  can  be  assessed  on  the  basis  of  blood  valine 
level,  as  indicated  by  the  data  of  Swendseid  et  al.  [17]  and  V.  G.  Vysotskiy 
et  al .  [4].  For  this  reason,  the  demonstrated  decline  of  valine  concentration 
in  the  course  of  our  experiment  could  also  have  been  due  to  a  nutritional 
imbalance.  Evidently,  the  decline  of  aspartic  acid  and  threonine  levels  in 
the  subjects  blood  serum  was  due  to  their  active  involvement  in  processes  of 
energy  production  and,  finally,  active  participation  of  aspartic  acid  and 
alanine  in  transamination. 

Thus,  in  the  course  of  our  investigation  it  was  demonstrated  that  the  factor 
used  (immersion  hypokinesia)  elicits  certain  changes  in  the  subjects'  blood 
amino  acid  status.  The  demonstrated  dynamics  of  blood  amino  acid  composition 
are  indicative  of  change  in  anabolic  processes  during  the  period  of  adaptation 
to  immersion  hypokinesia. 
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[Article  by  I.  L.  Medkova,  K.  V.  Smirnov,  V.  P.  Naydina,  B.  L.  Avetisyants  and 
Ye.  Ye.  Zharkovskaya ] 

[English  abstract  from  source]  The  effect  of  120-day  head-down 
tilt  on  the  lipid  spectrum  of  blood  serum  was  investigated.  By 
thin-layer  and  gas  liquid  chromatography  lipids  (total  lipids, 
phospholipids,  cholesterol  and  its  esters,  nonesterif ied  fatty 
acids,  triglycerides)  and  higher  fatty  acids  were  identified. 

It  was  found  that  cholesterolemia  increased  at  the  expense  of 
the  ester  bound  fraction,  phospholipids  decreased  drastically, 
the  ratio  of  phospholipids  to  total  cholesterol  decreased,  and 
triglyceridemia  diminished.  Until  bed  rest  day  70  saturated 
fatty  acids  were  predominant,  with  linoleic  acid  being  deficient, 
and  thereafter  the  relative  content  of  unsaturated  fatty  acids 
increased.  The  above  changes  in  the  lipid  spectrum  can  be  con¬ 
sidered  as  risk  factors  with  respect  to  preclinical  stages  of 
atherosclerosis. 

[Text]  Investigation  of  lipid  metabolism  under  hypokinetic  conditions  has 
attracted  many  researchers.  In  animal  experiments,  authors  have  demonstrated 
hypercholesterolemia,  increased  lipo lysis,  which  leads  to  mobilization  of  fat 
from  the  fatty  reservoirs  and  increase  in  concentration  of  nonesterif ied 
fatty  acids  (NEFA)  in  blood  [7,  9,  10],  Studies  of  humans  kept  on  strict  bed¬ 
rest  for  a  long  period  of  time  also  revealed  elevated  levels  of  cholesterol, 
total  lipids  and  8-lipoproteins  in  blood  [2]. 

Present  use  of  chromatographic  analysis  (thin-layer  and  liquid-gas)  makes  it 
possible  to  broaden  the  range  of  tested  parameters  of  lipid  composition  of 
blood  serum.  It  is  possible  to  examine  the  distribution  of  lipids  according  to 
classes  of  compounds  (total  lipids,  phospholipids,  cholesterol  and  its  esters, 
monoglycerides,  diglycerides,  triglycerides,  NEFA),  on  the  one  hand,  and 
composition  of  fatty  acids  (FA)  of  blood  serum  with  different  number  of  carbon 
atoms  and  saturation,  on  the  other. 

Our  objective  here  was  to  examine  the  blood  serum  lipid  spectrum  using  thin- 
layer  chromatography  and  the  composition  of  FA  with  liquid-gas  chromatography 
on  people  at  different  stages  of  long-term  bedrest. 
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Methods 


We  had  6  essentially  healthy  men,  30  to  40  years  of  age,  on  strict  bedrest 
in  antiorthostatic  [head-down  tilt]  position  (angle  of  tilt  -4.5  )  for  1  0 
days.  Blood  was  drawn  in  the  background  period,  on  the  28th,  49th,  70th,  95th, 
112th  days  of  hypokinesia,  7th  and  14th  days  of  the  recovery  period.  Serum 
lipids  were  extracted  according  to  Folch  [12].  The  lipid  spectrum  was  iden¬ 
tified  by  thin-layer  chromatography  on  Silufol  plates  [6].  We  used  a  system 
consisting  of  hexane,  diethyl  ether  and  glacial  acetic  acid  in  a  proportion 
of  80:20:20  to  separate  lipids  into  classes  of  compounds.  For  better  demons  ra 
tion  of  lipid  fractions,  after  separation  the  plates  were  placed  in  iodine 
fumes  for  several  seconds.  Then  they  were  sprayed  with .0.04%  alkaline  alcohol 
solution  of  bromocresol  green,  after  which  they  were  dried  for  1  min  at  100  . 

The  plates  were  then  treated  sith  10%  alcohol  solution  of  phosphomolybdenic  acid 
and  again  incubated  for  4  min  at  100°C.  Quantitative  assay  of  lipid  spots  was 
performed  by  the  densitometry  method  on  an  ERI-50  instrument  of  the  Karl  Zeiss 
firm  using  appropriate  standards— free  cholesterol,  cholesterol  esters, 
triolein,  mixture  of  phospholipids,  mixture  of  free  fatty  acids  (FFA)  (Serva 
firm,  FRG) . 

The  fatty  acid  composition  of  total  lipids  of  blood  serum  was  analyzed  by  gas- 
fluid  chromatography  on  a  Tsvet-100  chromatograph  with  flame-ionization  de¬ 
tector  and  glass  column;  the  length  of  the  column  was  3.6  m  and  inside 
diameter  4  mm;  chromium  Q  was  the  gas  filler  with  a  liquid  phase  of  5%  DECS. 
Column  temperature  180%C  and  evaporator  temperature  220  C.  We  analyzed  the 
methyl  esters  of  FA  of  total  lipids  obtained  with  use  of  tetramethylammonium 
hydroxide  (TMA’OH)  and  methyl  iodide  [4]. 

Lipids  were  extracted  from  0.1  m«,  serum  using  isopropyl  alcohol  (3  times  0.5  m£ 
each  time).  The  combined  extracts  were  dried  in  a  flow  of  nitrogen  we  then 
added  0.5  mil  12%  TMA*0H  solution  mixed  with  methanol  and  isopropanol  (l.JJ  , 
vials  were  heated  to  230°C  (1-2  min),  the  solution  was  vaporatedto  1/2  its 
volume,  then  cooled  and  we  added  0.4  m£  methyl  iodide;  the  solution  separate 
into  layers  when  slightly  shaken.  The  bottom  layer  was  collected  in  a  syringe 
and  0.4  m£  methyl  iodide  was  again  added.  The  combined  solutions  of  “ethyl 
esters  were  evaporated  in  a  flow  of  nitrogen,  and  the  dry  residue  was  dissolved 
in  20  u£  carbon  tetrachloride.  The  obtained  solution  (2  y£)  was  introduced  in 
the  gas  chromatograph.  Quantitative  evaluation  of  relative  amounts  of  hig  er 
FA  (percentage)  by  the  method  of  internal  normalization  [11]  was  made  from  the 
chromatograms  of  methyl  esters  of  fatty  acids. 

Results  and  Discussion 

The  investigations  revealed  that  there  was  insignificant  change  in  concentration 
of  total  lipids  of  blood  serum  throughout  the  hypokinetic  perio  .  e  o  serve 
only  once  a  reliable  increase  in  total  lipid  content  on  the  70th  day  of 
kinesia.  Substantial  changes  were  demonstrated  in  dynamics  of  totai  cholesteroi, 
chiefly  referable  to  the  ester-bound  fraction.  Already .on  the  28th  day  of  the 
study,  blood  cholesterol  ester  concentrations  began  to  increase  reliab  y 
(Figure  1).  With  extension  of  the  hypokinetic  period  these  changes  became 
marked.  Thus,  on  the  49th  day  cholesterol  esters  of  blood  serum  const atuted 
278.5  mg%  (background  157.0  mg%,  P<0.002),  on  the  70th  day  292.9  mg »  (  •  > 
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on  the  112th  day  229.9  mg %  (P<0.05).  On  the  7th  day  of  the  recovery  period, 
cholesterol  ester  levels  in  blood  constituted  312.4  mg%  (P<0.001),  which  was 
almost  twice  the  background  value.  The  coefficient  characterizing  the  ratio 
of  cholesterol  esters  to  total  cholesterol  constituted  0.93  in  the  background 
period,  and  it  rose  to  1.31  with  extention  of  the  period  of  restricted  motor 
activity. 


1 . . j— . -i _ _j i  i 
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Figure  1. 

Cholesterol  ester  concentrations  (% 
of  background).  Here  and  in  Figure  2: 

a)  hypokinesia 

b)  recovery  period 


PS  49  70  95  up  7  « 

Days 

Figure  2. 

Phospholipids  and  triglycerides  (%  of 
background) 

White  bars,  phospholipids;  black, 
triglycerides 


There  was  phasic  change  in  concentration  of  NEFA  during  hypokinesia,  but 
it  was  not  reliable. 


Substantial  changes  were  noted  in  dynamics  of  phospholipids  (Figure  2) ,  the 
levels  of  which  in  blood  serum  dropped  drastically  and  reliably  during 
hypokinesia  and  in  the  recovery  period.  Hypophospholipidemia,  along  with  hyper¬ 
cholesterolemia,  led  to  significant  (to  1/2  or  more)  decline  of  the  coefficient 
characterizing  the  ratio  of  phospholipids  to  total  cholesterol. 

During  this  study  we  found  a  decline  in  concentration  of  blood  serum  triglycer¬ 
ides  (see  Figure  2) ,  which  was  the  most  marked  toward  the  end  of  the  hypokinetic 
period  (95th  and  112th  days).  This  parameter  differed  insignificantly  in  the 
recovery  period  from  background  values. 

Thus,  these  data  indicate  that  cholesterol  and  phospholipids  were  the  most  vul¬ 
nerable  classes  of  lipids  during  120-day  antiorthostatic  hypokinesia  (AOH) . 

Examination  of  the  spectrum  of  higher  FA  of  total  lipids  of  blood  serum 
revealed  several  substantial  changes  during  120-day  AOH  (see  Table).  We  found 
progressive  increase,  with  increase  in  duration  of  hypokinesia,  in  percentage  of 
palmitoleic  acid  (C 1 6  ;  l ) »  which  was  reliable  at  all  tested  times.  The  level 
of  palmitic  acid  (Ci6:o)  changed  insignificantly  during  hypokinesia.  Stearic 
acid  (C 1 8 ;  o )  content  had  a  tendency  toward  decline,  and  reliable  changes  were 
demonstrable  toward  the  end  of  the  hypokinetic  period  (95th  and  112th  days). 

In  addition,  oleic  acid  (C18:i)  content  increased  in  the  course  of  the  study 
(reliably  on  the  112th  day  of  bedrest).  Appreciable  changes  were  found  in 
level  of  unsaturated  linoleic  acid  (C10:i) — reliable  decline  on  the  28th  and 
70th  days  followed  by  increase  to  almost  the  background  level  toward  the  end 
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of  the  study.  The  shortage  of  metabolically  active  linoleic  acid  on  the  28th  a 
and  70th  days  of  hypokinesia  was  reflected  by  coefficient  K2,  the  ratio  of 
oleic  acid  to  linoleic  acid,  which  was  highest  at  expressly  these  times. 
Subsequently,  with  increase  in  duration  of  bedrest,  the  percentage  of  linoleic 
acid  reverted  to  the  base  value,  along  with  compensatory  increase  in  monoun- 
saturated  oleic  acid.  This,  in  turn,  resulted  in  a  higher  value  for  K2  on  the 
95th  and  112th  days  of  hypokinesia,  as  compared  to  the  background. 

Higher  fatty  acids  of  blood  serum  (in  rel.%)  during  120-day  hypokinesia, 

M±m  (n  =  6) 


Code  name  for 
fatty  acid 

Back¬ 

ground 

Day  of  hypokinesia 

28 

70 

05 

1 1  2 

10:0 

27.1:0,6 

28,9±0,6 

31 ,2±0,6 

27,2±2,3 

27,7+0,5 

«0,05) 

(<0,001) 

<>0,1) 

(>o,i) 

16:1 

4,14-0,2 

6,84-0,3 

5,54-0,5 

0,8±0,3 

7, 1+0,4 

(<0,00 1) 

«0,05) 

(<0,00 1) 

(<0,001) 

18:0 

10,4  ±0,5 

9, 9+0, 4 

9,4±0,7 

6, 9+0, 4 

(>0,1) 

(>0,1) 

(<0,001) 

«o,oo  i) 

18:1 

31,04:1,2 

30, 8±  1 ,7 

34,4*1,1 

34,6+1,3 

35,5+0,9 

00,1) 

(>0,1) 

(>0,l) 

«0,05) 

18:2 

25,8±0,9 

19,9+0,8 

18,5*1,4 

24,5+0,9 

23,8+1,0  .. 

(<0,00 1) 

«0,002) 

(>0,1) 

(>0,1) 

K,  -  ■ 

Total  SFA 

0,61 

,  0,67 

0,70 

0,52 

0,51 

Total  USFA 

K,  - 

18  :  1 

18  :  2 

1,22 

1,55 

1,86 

1,41 

1,49 

K,  * 

Total  USFA 

18:2 

Total  SFA  +  total 

1,45 

1,95 

2,19 

1 ,39 

1,42 

k4  - 

mono  USFA 

2,83 

3,84 

4,35 

3,08 

3,21 

18  :  2 

Note:  P  is  given  in  parentheses. 


With  regard  to  the  FA  spectrum,  it  can  be  noted  that  the  sum  of  saturated 
fatty  acids  (SFA)  was  greater  than  the  sum  of  unsaturated  ones  (USFA:  Kx  and 
K3)  up  to  the  70th  day  of  hypokinesia,  whereas  on  the  95th  and  112th  days,  on 
the  contrary,  there  was  prevalence  in  blood  of  metabolically  more  active  USFA. 

In  discussing  the  results,  we  must  dwell  on  the  physiological  implications  of 
different  classes  of  lipids  and  FA. 

We  know  of  the  role  of  phospholipids  and  cholesterol  as  biologically  active 
substances  involved  in  building  the  membrane  structures  of  organs  and  tissues. 

In  addition,  cholesterol  is  the  source  of  synthesis  of  biologically  active 
substances  with  a  sterol  nucleus,  hormones,  vitamins  and  bile  acids.  It  is 
also  known  that  a  rise  in  blood  cholesterol  level  with  drastic  decline  of 
phospholipid  concentrations  causes  an  unfavorable  correlation  between  these 
components,  which  are  instrumental  in  precipitation  of . cholesterol  in 
solution  and  deposition  in  the  vascular  intima,  and  this  leads  to  athero¬ 
sclerotic  changes  in  the  vascular  bed  [1].  Hypercholesterolemia  is  one  of 
the  main  "high  risk  factors"  in  development  of  atherosclerosis.  Tests  using 
cholesterol  labeled  with  radioactive  isotopes  revealed  that  virtually  all  of  the 
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cholesterol  In  the  region  of  atherosclerotic  regions  gets  there  from  plasma 
[8],  and  the  higher  the  phospholipids/cholesterol  ratio  (which  normally  equals 
1) ,  the  lower  the  probability  of  development  of  atherosclerotic  changes  [3]. 

In  our  study,  during  hypokinesia  we  observed  significant  increase  in  blood 
cholesterol  ester  concentrations,  with  drastically  lowered  phospholipid  levels, 
which  led  to  substantial  decline  of  the  phospholipids/cholesterol  coefficient 
(0.28  on  the  95th  day  of  hypokinesia,  0.37  On  the  7th  day  of  the  recovery 
period;  0.85  in  the  background  period).  Our  findings  confirm  the  theses  in 
the  literature  to  the  effect  that  the  changes  demonstrated  during  hypokinesia 
are  identical  to  those  found  with  atherosclerosis  [9].  The  opinion  is  hied 
that,  aside  from  elevation  of  blood  cholesterol  level,  elevation  of  total  lipid 
and  blood  serum  triglyceride  levels  are  important  risk  factors  for  development 
of  atherosclerosis.  In  our  studies,  we  found  virtually  no  increase  in  concen¬ 
tration  of  total  lipids  (with  the  exception  of  the  70th  day  of  hypokinesia), 
while  triglyceride  levels  even  dropped  during  the  period  of  restricted  motor 
activity.  However,  as  indicated  by  A.  A.  Dzizinskiy  and  V.  P.  Puzyrev  [5], 
a  normal  level  of  total  lipids  of  blood  does  not  necessarily  rule  out  the 
danger  of  atherosclerosis,  particularly  when  other  risk  factors  are  present. 

Investigation  of  the  spectrum  of  fatty  acids  of  total  lipids  revealed  that 
there  was  prevalence  of  SFA  in  blood  up  to  the  70th  day  of  hypokinesia. 

Maximum  changes  were  demonstrated  in  linoleic  acid  content,  the  level  of  which 
dropped  noticeably  on  the  28th-70th  days  of  hypokinesia.  It  is  mentioned  in 
the  literature  that  there  is  a  substantial  decrease  in  relative  amounts  of 
USFA  (particularly  distinct  on  the  example  of  linoleic  acid)  in  patients  with 
atherosclerosis  [1],  On  the  other  hand,  it  is  known  that  blood  serum  choles¬ 
terol  content  decreases  expressly  under  the  influence  of  polyunsaturated 
fatty  acids  [8],  These  data  are  indicative  of  the  similarity  of  demonstrated 
changes  in  lipid  composition  of  blood  serum  during  hypokinesia  and  those  seen 
with  atherosclerosis  (apparently  at  the  preclinical  stages).  However,  by  the 
end  of  the  hypokinetic  period  (95th  and  112th  days),  the  spectrum  of  FA  re¬ 
vealed  increase  in  relative  amount  of  unsaturated  forms,  which  is  apparently 
a  favorable  factor  and  indicative  of  the  compensatory  nature  of  some  of  the 
demonstrated  changes. 
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[Article  by  V.  Ye.  Vorob’yev>  I.  B.  Goncharov,  I.  V.  Kovachevich  and 
A.  F.  Davyd kin] 

[English  abstract  from  source]  Nine  healthy  male  test  subjects 
were  exposed  for  7  days  to  head-down  tilting.  Within  2  hours 
after  exposure  500  ml  of  blood  were  withdrawn.  This  reduced 
pulse  blood  filling  of  all  lung  compartments,  particularly  the 
upper  (P<0.05)  compartments,  and  decreased  slightly  finger 
circulation.  The  blood  losses  were  then  substituted  but 
2  hours  after  blood  reinfusion  the  rheographic  parameters  of 
pulmonary  circulation  were  still  lower  than  before  blood 
losses.  In  arterial  blood  pC02  remained  lower  (P<0.05)  and 
the  deficiency  of  bases  increased  (P<0.05).  It  can  be  con¬ 
cluded  that  in  the  above  situation  blood  reinfusion  in  the 
amount  exceeding  blood  losses  should  be  viewed  adequate.  On 
the  basis  of  the  results  obtained  increased  blood  content  of 
the  lungs  in  the  course  of  head-down  tilt  can  be  interpreted 
as  a  reflex  mechanism  of  blood  pooling  in  the  body. 

[Text]  It  is  known  that  antiorthostatic  hypokinesia  [head-down  tilt]  (AOH) 
leads  to  reduction  of  circulating  blood  volume  in  healthy  man  with  concurrent 
increase  in  filling  of  the  intrathoracic  region. 

However,  the  mechanism  of  such  plethora  of  the  lungs  has  not  been  definitively 
identified.  It  can  be  viewed  as  stasis  occuring  as  a  result  of  redistribution 
of  blood  [4]  or  because  the  pulmonary  vessels  serve  as  a  reservoir  for  blood 
that  is  "superfluous"  under  antiorthostatic  conditions  and  collects  there  for 
potential  use  by  the  body  when  circulation  changes. 

Our  objective  here  was  to  make  a  combined  study  of  regional  hemodynamics  and 
exchange  of  gases  in  response  to  controlled  bloodletting  and  blood  replacement 
in  subjects  submitted  previously  to  AOH. 
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Methods 


External  respiration,  gas  composition  and  acid-base  balance  (ABB)  of  arterial 
blood  were  studied  in  9  essentially  healthy  subjects  in  the  first  2  h  of  the  ^ 
recovery  period  following  7  days  in  antiorthostatic  position  at  an  angle  of  -8°. 
Gas  composition  of  exhaled  air  was  analyzed  using  a  capnograph  and  paramagnetic 
oxygen  analyzer.  Samples  of  arterial  blood  drawn  by  puncturing  the  radial 
artery  were  immediately  analyzed  by  the  Astrup  method  in  an  AME-1  instrument 

[6]. 

Concurrently,  using  a  4RG-1A  rheograph  and  Galileo  encephalograph  we  recorded 
rheograms  from  the  upper,  middle  and  lower  parts  of  the  right  lung,  as  well 
as  finger  by  the  conventional  method  [1].  We  studied  the  following  parameters. 
Ct/T,  which  reflects  tonus  and  elasticity  of  large  and  medium  caliber  arteries, 
dicrotic  (DCI)  and  diastolic  (DSI)  indexes,  which  reflect  tonus  of  arterioles 
and  veins,  respectively;  we  calculated  the  parameter  of  intensity  of  pulsed 
delivery  of  blood  (RI)  in  vessels  of  the  tested  region.  According  to  the  method 
of  V.  G.  Shershnev  et  al.  [3],  to  record  rheograms  of  the  pulmonary  artery,  the 
first  electrode,  2. 5x3.0  cm  in  size,  was  placed  over  the  second  intercostal 
pace,  between  the  peristernal  line  and  midclavicular  line,  and  the  second 
electrode,  6.0x10.0  cm  in  size,  was  placed  below  the  bottom  angle  of  the 
scapula. 

Immediately  after  termination  of  AOH  and  moving  the  subjects  to  horizontal 
position,  we  drew  500  m&  blood  in  15  min  through  a  subclavian  catheter,  the 
tip  of  which  was  in  the  superior  vena  cava,  by  means  of  a  roller  pump,  into 
an  0.5  H  vial.  The  subclavian  vein  was  catheterized  under  local  anesthesia 
(0.25%  novocain).  In  this  period,  we  did  not  replace  the  removed  volume  with 
blood  substitutes.  We  began  to  reinfuse  the  blood  at  a  volumetric  rate  of 
100  mil  /min  15  min  after  bloodletting.  All  tests  were  performed  with  the 
subjects  lying  down.  The  obtained  results  were  submitted  to  statistical  pro¬ 
cessing.  Reliability  of  differences  was  assessed  using  Student's  criterion. 

Results  and  Discussion 

In  the  background  tests  prior  to  AOH  all  of  the  parameters  studied  were  in 
the  normal  range.  ' 

Rheograms  taken  just  prior  to  bloodletting  failed  to  demonstrate  significant 
changes  in  blood  supply  to  the  lower  parts  of  the  lungs  or  finger  (Table  1) . 
Analysis  of  rheograms  of  the  upper  and  middle  compartments  of  the  lungs  revealed 
absence  of  dicrotic  notch  in  five  subjects.  Disappearance  of  the  dicrotic 
notch  was  indicative  of  a  tendency  toward  increased  vascular  tonus  in  the 
tested  region.  The  latter  can  be  interpreted  as  a  compensatory-adaptive  reac¬ 
tion  for  better  intrapulmonary  distribution  of  the  increased  volume  of  blood, 
which  is  present  under  AOH  conditions. 

At  the  same  time,  there  was  a  tendency  toward  increased  C02  tension  (pC02)  and 
decrease  of  02  tension  (p02)  (Table  2),  with  regard  to  gas  composition  of  blood. 
We  also  demonstrated  a  tendency  toward  increase  in  arterial-alveolar  gradient 
for  oxygen  (pA_a  0z)* 
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Table  1.  Dynamics  of  rheographic  parameters  during  bloodletting  and  after 
replacement  of  blood,  M±m 


Period  of  study 

Region  examined 

•  Parameter 

before 

at  height  of 

2  h  after  • 

phlebotomy 

blood  loss 

. 

blood  replace¬ 
ment 

Top  part  of 
lungs 

RI,  relative  units 
DCI ,  % 

DSI ,  % 

l,79±0,3l 

1 ,15±0,33* 

•  1,95±0,02 

a/T,  % 

24,54±l,83 

21,68±1,15  . 

22,89±1,93 

Middle  part 

RI.,  relative  units 

1,51  ±0,22 

1 ,08'±0,24 

i,20±0,22 

of  lungs 

DCI ,  % 

DSI,  % 

'  -  , 

-  — “t  ' '  '  .  i 

_ 

a/T,  % 

22,18±l,f)l 

27,61±2,59 

29,87±0,43* 

Bottom  part  of 

RI,  relative  units 
DCI,  % 

1 , 16±0,42 

60, 0±  15,20 

1,02±0,26 

86,25±6,I9 

0,82±0,07 

85,0±6,45 

.  lungs 

DSI,  % 

70,5±14,79 

103,75±  11,52 

90,0±9,12 

a/T,  % 

24,99±3,18 

24,35±5,67 

25,95±6,61 

:  Pulmonary 

RI,  relative  units 

2,50±0,53 

1,39±0,51* 

1 ,87±0,64 

artery 

Finger 

a/T,  % 

19,38±1,79 

26,54±2,83* 

33,25±  1,19* 

RI,  relative  units 

1,48±0,31 

1,11  ±0,19 

0,77±0,07* 

DCI,  % 

36,25±5,1 1 

28,45±4,43 

45,20±  1 2, 15 

DSI,  % 

50,50±7,27 

44,35±3,02 

.  61 ,86±  13,45 

a/T,  % 

!0,!5±0,42 

10,25±0,64 

17,30±5,65 

Note:  Here  and  in  Table  2,  the  asterisk  shows  reliability  of  differences 
from  background,  prior  to  phlebotomy  at  P<0.05. 


Table  2.  Dynamics  of  some  parameters  of  external  respiration  and  blood  ABB 
with  phlebotomy  and  replacement  of  blood,  M±m 


Period 

of  studv 

Parameter 

before  AOH 

before 

phlebotomy 

at  height  of 

! 

blood  loss 

2  h  after 
blood 

replacement 

RR/min 
pR02,  mm  Hg 

PaC02,  mm  Hg 
tdH 

SB ,  mmol/£ 

BE,  mmol/jj, 
paC02,  mm  Hg 
pa02,  mm  Hg  , 

1 2,3±  1 ,49 

104, 4  ±1,50 

38, 7±  1,58 
7,424±0,0i 
25,2±0, 15 
i  0,9±0,26 

38, 3±  1,31 

94, 3±  1,69 

12, 9±  1,49 
103,6+2,62 

37,  G±  1,33 
7,422±0,01 
25,3±0,4(» 
■M,3±0,50 
38,7±0,38 
85,9±3,78 

12, 5±  1,24 
100,3+2,82 
34,0+2,09 
7,380±0,02 
23,4±0,68 
—  1 , 1  ±0,78 
35,8+1;  14 
83,6±5,38 

14,7+1,37 
103,0±3,45 
■  35,6+1,90 
7,390±0,01 
22,3±0,51  * 

— 2,7+0,67* 
35,3+0,84* 
84,5±5,90 

PA_a°  2  r  ™  Hg 

8,1  ±3, 10 

20,8±2,70 

21 ,6±3,84 

19,2±3,62 

Key:  RR)  respiration  rate 


Drawing  500  m£  blood  led  to  some  decrease  in  intensity  of  pulsed  filling  of  all 
parts  of  the  lungs,  and  this  was  reliable  for  the  upper  compartments  (P<0.05). 
With  regard  to  blood  gases,  the  subjects  presented  a  tendency  toward  decline 
of  pC02  and  p02  ,  as  well  as  a  tendency  toward  increased  shortage  of  bases  (BE) 
and  standard  bicarbonates  (SB)  in  ABB  of  blood. 
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According  to  the  literature  [1,  7],  impaired  hemodynamics  in  the  systemic  and 
pulmonary  circulatory  systems  are  the  chief  cause  of  changes  in  gas  exchange 
with  loss  of  blood.  Moreover,  in  the  opinion  of  several  researchers  [2,  5],  a 
reduction  of  total  blood  volume  leads  to  significant  discharge  of  a  certain 
amount  of  blood  from  the  pulmonary  vascular  system.  The  postphlebotomy  reduc¬ 
tion  of  blood  volume  is  more  marked  in  the  lungs  than  skeletal  muscles. 

The  validity  of  this  thesis  for  our  experimental  conditions  is  also  confirmed 
by  data  on  delivery  of  blood  to  the  pulmonary  artery,  which  are  indicative  of 
significant  (P<0.05)  reduction.  At  the  same  time,  we  found  an  increase  in 
tonus  of  the  pulmonary  artery  wall,  apparently  compensatory  in  nature. .  There 
was  also  insignificant  decrease  in  intensity  of  circulation  in  the  subjects 
finger  against  a  background  of  some  decrease  in  vascular  tonus. 

After  reinfusion  of  blood  the  rheographic  parameters  reflecting  the  state  of 
pulmonary  circulation  gradually  returned  to  normal;  nevertheless,  even  2  h. 
after  reinfusion  they  were  below  base  levels.  Examination  of  circulation  m 
the  finger  revealed  peripheral  hemodynamic  changes,  namely,  reliable  decrease 
(P<0.05)  in  pulsed  delivery  of  blood  with  concurrent  moderate  increase  in  vas¬ 
cular  tonus  in  the  region  in  question.  These  changes  were  evaluated  as  a  mani¬ 
festation  of  deferred  activation  of  the  sympathetic  branch  of  the  central 
nervous  system,  which  led  to  vasoconstriction  and  decreased  blood  flow  in 
organs.  Blood  gas  composition  revealed  decline  of  pC02,  as  compared  to  the 
prephlebotomy  data,  by  a  mean  of  3.4  mm  Hg  (P<0.05).  With  regard  to  blood 
ABB  the  subjects  presented  a  decrease  in  SB  (P<0.05),  increase  in  BE  (P<0.05) 
and  tendency  toward  decline  of  blood  pH.  These  findings  were  indicative  of 
compensatory  metabolic  acidosis  at  this  time,  and  it  was  apparently  due  to 
impairment  of  tissular  homeostasis  as  a  result  of  constriction  of  peripheral 

blood  vessels. 

These  data  indicate  that  even  after  submitting  subjects  to  AOH,  the  pulmonary 
vessels  serve  as  a  reservoir  during  the  time  of  reduction  in  circulating  oo 
volume  and  probably  enable  us  to  interpret  the  increase  in  delivery  of  blood 
to  the  lungs  during  AOH  as  a  reflex  mechanism  of  pooling  blood  by  the  body, 
perhaps  in  order  to  use  it  in  the  event  of  critical  situations  related  to 
altered  hemodynamics. 

Retention  and,  in  some  cases,  development  of  disturbances  referable  to  regional 
hemodynamics  and  gas  exchange  after  complete  restitution  of  circulating  bl°° 
volume  is  a  reflection  of  the  complicated  reactions  to  moderate  loss  of  blood 
after  AOH.  In  such  cases,  reinfusion  of  more  blood  than  was  removed  should  be 
considered  adequate. 
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[Article  by  Ye.  N.  Panasyuk,  and  L.  N.  Skakun] 

[English  abstract  from  source]  Experiments  on  white  rats 
showed  that  exposure  to  hypokinesia  increased  peroxidation  of 
unsaturated  fatty  acids  of  lipids  of  cell  membranes, 
decreased  the  content  of  sulfhydryl  groups,  and  increased  the 
content  of  disulphide  groups.  This  was  very  marked  during 
the  first  4-7  days,  i.e.,  during  the  time  of  a  distinct 
stress-reaction.  At  later  stages  the  rate  of  free  radical 
processes  decreased  slightly.  In  the  recovery  period  that 
followed  7-day  hypokinesia  lipid  peroxidation  in  the  rats 
gradually  returned  to  normal.  :  The  initiation  of  free  radi¬ 
cal  reactions  during  hypokinesia  can  be  prevented  by  means 
of  antioxidants  (acetate  tocopherol,  sodium  selenite)  and 
syrepar.  \  v : 

[Text]  The  investigations  of  a  number  of  authors  established  that,  under 
hypokinetic  conditions,  particularly  in  the  first  hours  and  days  of  exposure 
to  hypokinesia,  a  drastic  gradient  of  afferent  muscular  impulsation  leads  to 
stress,  which  is  effected  through  the  hypothalamo-hypophyseo-adrenal  system 
[10,  17,  21].  This  is  associated  with  increase  in  ACTH  content  of  the  pituitary, 
increase  in  mass  and  function  of  the  adrenals  [1,  9,  16,  22,  23],  reduction  in 
mass  of  the  thymus  and  spleen,  as  well  as  in  number  of  lymphocytes  in  lymphatic 
organs,  decrease  in  absolute  blood  eosinophil  count;  however,  there  is  increase 
in  number  of  macrophage  elements  [19]. 

Functional  impairment  of  the  digestive  system  [6,  -25,  27],  appearance  of  gastric 
and  duodenal  ulcers  [29-31,  33]  are  important  manifestations  of  stress  during 
hypokinesia.  In  such  a  situation,  the  high  activity  of  physiological  systems 
is  not  supported  by  the  required  energy  of  metabolism.  There  is  depletion  of 
the  antioxidant  system  and  change  of  oxidation  of  substrates,  including  cell 
membrane  lipids,  to  the  free-radical  pathway  [5,  14].  This  is  indicated  by 
the  increase  in  levels  of  free  radicals  in  red  blood  cells  [12],  decrease  in 
their  resistance  to  acid  hemolysis  [7],  faster  development  of  peroxide  athero¬ 
sclerosis  and  arteriosclerosis  [3]. 
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Intensification  of  lipid  peroxidation  (LPO)  during  hypokinesia  and  in  the  post- 
hypokinetic  recovery  period  is  associated  with  poorer  replenishment  of  the 
NADP *H  and  NAD *H  pool  [4].  Evidently,  decline  of  liver  phospholipid  content 
[18],  which  is  an  important  element  of  the  body's  antioxidant  system  [8],  is 
instrumental  in  initiating  LPO  during  hypokinesia. 

We  investigated  peroxidation  of  unsaturated  fatty  acids  of  lipids  of  hepatic 
cell  membranes  during  hypokinesia  and  the  recovery  period,  as  well  as  the  effect 
on  this  process  of  agents  with  antioxidant  properties. 

Methods 

Experiments  were  performed  on  94  mongrel  white  male  rats  weighing  140-170  g. 

The  animals  were  kept  at  the  usual  vivarium  temperature  (25-28°C)  and  ambient 
humidity  on  a  standard  diet.  The  model  of  hypokinesia  was  produced  by  placing 
the  animals  in  special  box-cages. 

We  assessed  LPO  according  to  levels  of  diene  conjugates  and  malonic  dialdehyde 
in  blood  and  liver  homogenates  [15].  After  decapitating  the  animals,  blood 
was  collected  in  chemically' clean  tubes  treated  with  heparin.  Pieces  of  liver 
free  of  blood  and  cooled  were  ground  in  a  Downs  type  glass  homogenizer.  We 
used  10%  homogenates  for  analysis.  Their  optical  density  was  measured  on  an 
SF-16  spectrophotometer  at  a  wavelength  of  233  nm  for  the  diene  conjugates  and 
532  nm  for  malonic  dialdehyde.  We  calculated  the  amounts  of  these  LPO  products 
by  means  of  coefficients  of  molar  extinction,  2.2*105  mol“1cm  1  for  diene 
conjugates  and  1.56*105  mol“1cm~1  for  malonic  dialdehyde. 

We  also  assayed  in  whole  blood  and  supernatant  fraction  of  liver  homogenates 
the  sulfhydryl  (SH)  and  disulfide  (-S-S)  groups  of  water-soluble  proteins  and 
low  molecular  compounds  by  the  spectrophotometric  method  based  on  change  in 
increment  of  optical  density  in  the  range  of  250-255  nm,  which  occurs  when 
p-mercuribenzoate  is  joined  with  SH  groups  [20].  Recrystallized  and  freshly 
prepared  saturated  sodium  sulfide  solution  [26]  and  8  M.  urea  solution  [24]  were 
used  to  reduce  -S-S  bonds.  The  number  of  SH  groups  was  determined  by  the 
standard  curve  plotted  with  glutathione  and  expressed  in  millimols  per  liter 
whole  blood  and  in  micromoles  per  gram  wet  liver  tissue. 

Results  and  Discussion 

According  to  the  data  listed  in  Table  1,  during  hypokinesia  there  is  impairment 
of  intensity  of  peroxidation  of  unsaturated  fatty  acids  of  hepatic  cell  membrane 
lipids.  This  is  confirmed  by  the  increase  in  diene  conjugates  and  malonic  di¬ 
aldehyde  in  liver  homogenates  and  blood.  As  early  as  the  4th  day  of  restricted 
mobility  there  is  significant  increase  in  diene  conjugate  content  of  the  liver 
(on  the  average  from  0.81010.080  to  1.58010.170  ymol/g  organ,  or  almost  2— fold) . 
On  the  7th  day  of  hypokinesia,  the  levels  of  these  LPO  products  remained  high 
in  the  liver  and  rose  in  blood  (on  the  average  from  76.1418. 11  to  112.58+5.76 
ymol/&,  or  1.5-fold  increase).  In  addition  there  was  an  increase  in  malonic 
dialdehyde  content  of  liver  homogenates  (from  87. 1814.39  to  105.77+2.75  nmol/g). 
Thereafter,  on  the  15th  day,  the  levels  of  these  products  dropped  in  blood  but 
remained  high  in  the  liver.  On  the  30th  day  they  were  elevated  both  in  blood 
and  the  liver. 
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Table  1.  Effect  of  long-term  hypokinesia  on  lipid  peroxidation,  SH  and 
disulfide  group  content  in  liver  and  blood  of  white  rats  (M±m) 


Day  of  hypokinesia 

Biochemical  parameter 

Control 

4  1 

7 

I  5 

3  0 

LPO  products  in  blood: 
malonic  dialdehyde, 
ymol/Jl 

6,94+0,38 

5,88+0,42 

7,37+0,55 

4,92+0,65* 

9,30+0,36* 

diene  conjugates, 
ymol/ H 

76,14+8,11 

52,00+5,39* 

112,58+5,76* 

75,00+4,50 

102,27+5,05* 

LPO  products  in  the  liver: 
malonic  dialdehyde, 
nmol/g 

87,18+4,39 

95,08+5,08 

105,77+2,75*  ' 

105,12+5,73* 

123,93+8,05* 

diene  conjugates, 
ymol/ g 

0,810+0,080 

1,580+0,170* 

1,530+0,120* 

0,980+0,140* 

0,960+0,060 

SH  groups  in  blood, 
ymol/Ji 

20,92+ 1 ,55 

17,35+0,72* 

18,60+0,78 

22,85+0,95 

23,04+0,35 

-S-S  groups  in  blood, 
ymol/£ 

2,21+0,20 

3,50+0,09* 

2,85+0,21 

2,30+0,27 

1,92+0,13 

SH  groups  in  liver, 
ymol/g 

18,83+0,59 

12,08+0,21* 

11,98+0,46* 

17,54+1,06 

18,53+0,39 

-S-S  groups  in  liver, 
ymol/g 

2,'1o  J-0,30 

3,74  +  0,35* 

4,03+0,28* 

3,26+0,42* 

2,83+0,10 

*  P  <  0,05  as  compared  to  control. 


Consequently,  during  hypokinesia  there  is  intensification  of  free-radical 
oxidation  of  unsaturated  fatty  acids  of  liver  lipids,  particularly  on  the  first 
4-7  days,  i.e.,  during  the  period  of  marked  stress  reaction.  Thereafter,  the 
intensity  of  the  process  diminishes  somewhat. 

Concurrently,  during  hypokinesia  there  is  change  in  sulfhydryl  and  disulfide 
group  content  of  protein  and  low  molecular  substances  in  the  liver  and  blood 
(see  Table  1).  In  particular,  there  was  decline  of  SH  group  level,  but 
rise  of  disulfide  group  level,  particularly  on  the  4th  and  7th  days  of  hypo¬ 
kinesia.  Thus,  the  quantity  of  SH  groups  in  liver  homogenates  was  36%  lower  on 
the  4th  day  and  36.5%  lower  on  the  7th  day  than  in  the  control.  At  the  same 
time,  disulfide  group  content  of  the  liver  exceeded  by  more  than  1.5  times  the 
control  level.  In  blood,  the  deficit  of  SH  groups  constituted  17.1%  on  the 
4th  day,  and  there  was  significant  increase  in  disulfide  groups.  On  subsequent 
days  there  was  equalization  of  parameters  of  SH  and  -S-S  group  content  in  both 
the  liver  and  blood. 

The  above-described  changes  are  indicative  of  significant  disturbances  in 
redox  processes  in  the  body  under  hypokinetic  conditions.  Most  changes  were 
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observed  on  the  first  days  of  restricted  motor  activity  of  animals,  i.e., 
during  the  period  of  a  marked  stress  state  when  there  is  the  greatest  inten¬ 
sification  of  free-radical  reactions. 

In  the  recovery  period  following  hypokinesia  there  is  gradual  normalization 
of  free-radical  oxidation  of  hepatocyte  lipids  within  7  days.  Already  on  the 
3d  day,  diene  conjugate  content  decreased  on  the  average  from  1.530±0.120  to 
1.140±0.060  ymol/g,  or  by  34.2%  (Table  2), while  the  level  of  malonic  aldehyde 
in  liver  homogenates  not  only  failed  to  decline,  but  even  rose  by  an  average  of 
16.3%.  Nevertheless,  by  the  7th  day  of  the  recovery  period  there  was  a  decrease 
in  amount  of  this  LPO  product  to  103.60+8.27  nmol/g  and  of  diene  conjugates  to 
0.960±0.07  ymol/g.  There  was  no  complete  restoration  of  LPO,  but  there  was  a 
significant  shift  in  the  direction  of  normalization. 


Table  2. 

Effect  of  posthypokinetic  recovery  on 
peroxidation  of  lipids  in  white  rat 
liver  (M±m) 


LPO  products  in 
liver 

Series  of 
experiments 

malonic 

dialde- 

diene  con¬ 
jugates  , 
ymol/g 

I  Control 

87,18±4,39 

0,810±0,080 

II  Hypokinesia, 

7th  day 

PI+II 

III  Recovery, 

3d  day 
PI-III 

PlI-III 

IV  Recovery, 

7th  day 
PI-IV 
pII-IV 

105,77±2,75 

<0,01 

123,00±8,27 

<0,01 

>0,05 

103,60±8,27 

>0,1 

>0,5 

1 ,530±0,120 
<0,001 

1,140±0,060 

<0,01 

<0,02 

0,9G0±0,070 

>0,1 

<0,01 

Note:  Here  and  in  Table  3, 

6  experiments  were  performed 
in  each  series. 


Table  3. 

Effect  of  syrepar,  tocopherol  acetate 
and  sodium  selenite  on  lipid  peroxida- 
dation  in  liver  of  hypokinetic  white 
rats  (M±m) 


Series  of 

experiments 

LPO  products  in 

_ It  ypr _ _ _ 

malonic 

dialdehyde, 

nmol/g 

diene 

conjugates. 

ymol/g 

I  control 

96,14±4,96 

0,882 ±0,065 

Hypokinesia, 

4th  day : 

II  background 

III  syrepar 

pII-III 

IV  tocopherol 
acetate 

PII-IV 

V  Sodium 
selenite 

PII-V 

VI  tocopherol 
acetate  + 

Na  selenite 

PII-VI 

111,70±  11,58 
86,76±7,03 

0,1 

100,86±9,10 

>0,25 

92,30±5,79 

>0,1 

1,248±0,1  M 
0,636±0,053 
<0,001 

0,828±0,073 

<0,02 

0,855±0,050 

<0,01 

97,44±7,45 

0,25 

0,903±0,061 

<0,05 

It  is  possible  to  prevent  LPO  impairment  in  the  liver  under  hypokinetic  condi¬ 
tions  by  means  of  drugs  with  antioxidant  action,  in  particular,  tocopherol  ace¬ 
tate,  sodium  selenite  and  syrepar  were  used.  This  is  shown  by  the  data  in 
Table  3.  Rats  kept  under  hypokinetic  conditions  for  4  days  were  given  syrepar 
(subcutaneously,  0.1  m£/0.1  kg  weight),  tocopherol  acetate  (intramuscularly, 

5  mg/0.1  kg)  and  sodium  selenite  (subcutaneously,  3  yg/0.1  kg)  or  a  combination 
of  tocopherol  acetate  and  sodium  selenite  (in  the  same  doses)  daily.  It  was 
found  that  all  of  these  agents  prevented  initiation  of  LPO  in  the  liver  by 
hypokinesia  to  about  the  same  extent.  They  eliminated  entirely  activation  of 
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this  process  in  the  liver.  Thus,  syrepar  had  antioxidant  properties.  Under  its 
effect,  malonic  dialdehyde  content  of  hepatic  homogenates  held  at  the  base 
level,  while  there  was  half  as  much  diene  conjugates  than  in  rats  submitted  to 
hypokinesia  without  this  agent  and  28%  less  than  in  control  animals.  Evidently, 
syrepar  contains  substhnts  that  are  mandatory  constituents  of  the  liver's  anti¬ 
oxidant  system.  They  could  be  phospholipids,  low  molecular  substances  contain¬ 
ing  SH  groups,  tocopherols,  etc. 

Demonstration  of  antioxidant  properties  in  syrepar  means  that  there  is  a 
possibility  of  expanding  its  use  in  medical  practice,  in  particular,  for  preven¬ 
tion  and  treatment  of  diseases,  in  the  pathogenesis  of  which  initiation  of 
free-radical  reactions  of  lipid  oxidation  plays  an  important  part. 

Apparently,  intensification  of  free-radical  reactions,  including  LPO,  plays  an 
important  role  in  certain  morphological,  ultrastructural  and  functional  dis¬ 
turbances  that  develop  in  the  liver,  myocardium,  skeletal  muscles  and  other 
organs  during  hypokinesia.  It  is  known  that  free  radicals  and  LPO  products, 
especially  hydroperoxides,  are  highly  toxic.  They  impair  cell  division  and 
growth,  elicit  swelling,  adhesion  and  even  dissociation  of  mitochondria,  they 
inactivate  thiol  enzymes  involved  in  respiration,  glycolysis  and  other  processes, 
they  separate  tissue  respiration  and  oxidative  phosphorylation  [28,  32],  By 
enhancing  protein  breakdown,  they  are  instrumental  in  release  of  tissue  toxins 
(histamine,  choline,  quLnones)  and  elicit  fatty  dystrophy  of  parenchymatous  or¬ 
gans,  particularly  the  liver.  Under  the  influence  of  these  products  there  is 
reduction  of  body  weight  and  impairment  of  visceral  functions  [8,  11].  Of  the 
internal  organs,  the  liver  is  notable  for  highest  sensitivity  to  LPO  products 
[2,  15].  For  this  reason,  activation  of  LPO  should  be  viewed  as  an  important 
(if  not  deciding)  element  in  the  pathogenesis  of  stressor  damage  to  the  liver. 
Such  a  conception  had  been  advanced  previously  with  regard  to  the  role  of  LPO 
in  stress-produced  damage  to  the  myocardium  [13]. 
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[English  abstract  from  source]  By  electron  microscopy  and 
morphometry  cardiomyocytes  of  20  rats  gamma-irradiated  with 
a  single  dose  of  180.6  yCi/kg  and  those  of  20  rats  exposed  to 
hypokinesia  for  10  days  were  examined.  Visually  the  ultra- 
structural  changes  of  cardiomyocytes  were  nonspecific.  The 
morphometric  examination  revealed  specific  features  of  ultra- 
structural  rearrangements  in  the  nuclei  and  mitochondria  of 
cardiomyocytes  of  rats  on  day  10  of  hypokinesia  and  irradiation. 

[Text]  In  the  opinion  of  some  researchers  [1,  4-6,  9],  various  types  of 
accelerations,  radiation,  as  well  as  hypokinesia,  which  are  present  during 
long-term  spaceflights,  elicit  qualitatively  similar  ultrastructural  changes 
in  the  myocardium  of  animals,  and  they  are  nonspecific.  New  approaches  are 
needed  for  additional  evaluation  of  submicroscopic  structures  of  myocardial 
cells,  which  could  help  determine  the  specificity  of  the  observed  changes  to 
each  type  of  factor  individually. 

As  such  a  method,  we  have  used  here  morphometric  electron  microscopy  of  animals' 
cardiomyocytes  with  exposure  to  hypokinesia  and  radiation. 

Methods 

Male  rats  weighing  200±10  g  were  divided  into  three  groups:  the  1st  group 
consisted  of  20  intact  rats  serving  as  a  control;  the  2d,  20  rats  tested  under 
hypokinetic  conditions,  which  were  produced  by  placing  the  animals  in  special 
box-cages  that  restricted  motor  activity;  the  animals  of  the  3d  group  (20 
rats)  were  exposed  to  a  single  dose  of  radiation,  180.6  mC/kg  delivered  by 
an  EGO-2  unit.  Experimental  and  control  rats  were  in  the  same  room  and  on 
the  same  diet.  Animals  were  decapitated  on  the  10th  day  after  exposure, 
as  this  experimental  time  was  considered  the  beginning  of  "true"  hypokinesia 
[6,  9]  and  the  "height"  of  radiation  sickness  [4],  The  heart  was  rapidly 
removed  from  the  thoracic  cavity  and  cooled  on  ice  until  heart  beats  stopped. 
Then,  identical  segments  of  the  middle  of  the  left  ventricle  were  placed  in 
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2.5%  glutaraldehyde  solution  (pH  7.4).  The  material  was  then  fixed  in  osmium 
tetroxide  according  to  Millonig  and,  after  standard  dehydration,  the  specimens 
were  imbedded  in  a  mixture  of  epon  and  araldite.  An  LKB-4800A  microtome  was 
used  to  prepare  ultfafine  sections,  they  were  contrasted  with  lead  citrate 
[12]  and  viewed  under  a  JEM-100B  electron  microscope.  Morphometric  data  were 
obtained  with  use  of  stereo logical  principles  of  cytology  [11].  Stereological 
analysis  was  made  on  cross  sections  with  test  grids  at  15,000x  magnification. 

On  the  electronograms,  we  determined  the  share  of  euchromatin  area  in  relation 
to  total  area  of  the  nucleus  (Se/Sn)  expressed  as  a  percentage,  the  number  of 
mitochondria  per  unit  cardiomyocyte  area  (nmc) ,  relative  area  of  each 
organelle  (Smd)  and' total  area  of  mitochondria  (ESmc) . 

Statistical  processing  was  performed  according  to  Student. 

Results  and  Discussion 

On  the  10th  day  of  hypokinesia,  the  rats’  weight  was  17%  less  than  in  the  control 
(P<0.01),  absolute  heart  mass  decreased  by  3%  (P<0.02),  the  weight  of  irradiated 
animals  was  in  the  range  of  statistical  error  and  constituted  196±10  g.  Thus, 
10-day  hypokinesia  elicited  more  marked  changes  in  rats  than  single  exposure  to 
y-radiation  in  a  dosage  of  180  mC/kg  [millicoulomb/kg] . 

Electron  microscopy  of  cardiomyocytes  of  rats  submitted  to  hypokinesia  and 
exposed  to  radiation  revealed  nonspecific  changes  in  the  nucleus,  mitochondria, 
sarcoplasmic  reticulum  (SPR)  and  myofibrils. 

On  the  10th  day  after  hypokinesia,  cardiomyocyte  nuclei  presented  clearing  of 
karyoplastti,  invagination  of  the  nuclear  membrane  and  condensation  of  hetero¬ 
chromatin  along  it,  nuclear  pores  and  SPR  elements'  were  dilated,  All  this  is 
indicative  of  intensification  of  nuclear-sarcoplasmic  transport  and  activation 
of  the  protein-synthesizing  system  of  cardiomyocytes  [6,  9].  After  exposure 
to  radiation,  nuclear  pores  were  virtually  undemonstrable,  while  heterochromatin 
on  sections  of  cardiomyocyte  nuclei  occupied  more  of  the  nucleus  than  with 
hypokinesia.  Not  infrequently,  there  was  dilatation  of  the  perinuclear  space 
with  formation  of  lacunae  due  to  protrusion  of  the  external  nuclear  membrane. 

It  is  known  that  nuclear  pyknosis  is  always  associated  with  a  decrease  in  DNA 
content  [9].  After  total-body  exposure  to  y-radiation,  the  size  of  the  canals 
and  SPR  cisternae  in  cardiomyocytes  was  diminished,  as  was  the  number  of  ribo¬ 
somes,  which  could  be  indicative  of  inhibition  of  nuclear-sarcoplasmic  trans¬ 
port  and  depression  of  protein-synthesizing  function  of  cells  [1,  4]. 

Along  with  structural  disturbances  in  the  protein-synthesizing  system  of  car¬ 
diomyocytes,  we  demonstrated  changes  in  organelles  responsible  for  energy  meta¬ 
bolism  in  these  cells.  Thus,  with  the  factors  used,  there  was  uneven  change 
in  mitochondria,  not  only  in  different  cardiomyocytes,  but  in  the  same  cell. 

The  organelles  were  swollen,  with  an  osmiophobic  matrix,  in  which  myelinoid 
structures  were  seen;  the  cristae  showed  change  in  topography  and  packing 
density.  This  is  indicative  of  hyperfunction  of  organelles,  which  occurs 
due  to  damage  to  myocardial  capillaries  with  exposure  to  hypokinesia  and  y- 
radiation  [1,  7,  9].  The  changes  in  ultrastructure  of  the  contractile  system 
of  cardiomyocytes  were  manifested  by  formation  of  local  contractures  and 
lysis  of  myofibrils.  These  findings  are  indicative  of  marked  structural 
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reorganization  of  cardiomyocyte  organelles  after  the  experiments.  It  must  be 
noted  that  such  submicroscopic  changes  had  been  demonstrated  in  the  myocardium 
in  the  presence  of  hypoxia,  hypothermia  and  accelerations  [1-3,  5-8], 

Thus,  on  the  basis  of  comparative  analysis  of  electron  microscope  findings  it 
can  be  concluded  that  the  ultrastructural  changes  in  rat  cardiomyocytes, 
which  develop  100  days  after  exposure  to  60Co  y-radiation  in  a  dosage  of 
180.6  mC/kg,  as  well  as  under  hypokinetic  conditions,  have  the  same  type  of 
nonspecific  features.  Unfortunately,  there  are  virtually  no  data  in  the 

literature  about  morphometric  analysis 
of  ultrastructural  changes  in  organelles 
during  development  of  nonspecific  reactions 
S(/S  ,%  to  different  factors,  including  hypokinesia 

and  Y-radiation, 

The  results  of  our  stereological  analysis 
revealed  (Figure  1)  that  the  share  of 
euchromatin  in  cardiomyocyte  nuclei  in¬ 
creases  by  6%  by  the  10th  day  of  hypokinesia, 
whereas  it  decreases  by  7%  after  y-irradia- 
tion  (P<0.03).  This  state  of  chromatin 
is  consistent  with  the  low  level  of 
metabolic  activity  of  this  type  of  nuclei 
[9].  Thus,  we  succeeded  in  confirming 
with  the  morphometric  method  the  validity 
Figure  1.  of  electron  microscopic  data  concerning 

Redistribution  of  chromatin  in  depression  of  metabolism  of  cardiomyocyte 

rat  cardiomyocyte  nuclei  after  ex-  metabolism  following  exposure  to  y-radia- 

posure  to  y-radiation  in  a  dose  of  tion  and  its  activation  following  hypokin- 
180.6  mC/kg  and  hypokinesia  esia. 

X-axis,  postexposure  days; 

y-axis,  share  of  euchromatin  area  Estimation  of  mitochondria  per  unit  cardio- 
(Se)  in  relation  to  total  area  of  myocyte  area  revealed  that  their  number 

nucleus  (Sn)(%).  Here  and  in  was  1.4-fold  increased  on  the  10th  day  of 

Figure  2:  hypokinesia  (P<0.03).  This  parameter  did 

1)  hypokinesia  3)  control  not  differ  reliably  from  the  control  level 

2)  y-radiation  after  exposure  to  y-radiation  (Figure  2a). 

As  shown  by  morphometric  analysis  (Figure  2b),  the  increase  in  number  of  mito¬ 
chondria  per  unit  cardiomyocyte  area  on  the  10th  day  of  hypokinesia  was  associ¬ 
ated  with  2.6-fold  reduction  in  their  "size,"  as  compared  to  the  control 
level  (P<0.04).  After  exposure  to  y-radiation,  the  mitochondrial  "size"  index 
was  1.6  times  higher  than  the  control  level  (P<0.02),  as  can  be  seen  in 
Figure  2b.  Ten  days  after  the  experiments  there  was  statistically  reliable 
increase  in  the  indicator  of  total  area  of  rat  cardiomyocyte  mitochondria  with 
use  of  the  indicated  extreme  factors  (Figure  2c) .  The  index  of  total  mito¬ 
chondrial  area  rose  by  15%,  as  compared  to  the  control,  after  exposure  to  radi¬ 
ation  and  by  23%  after  hypokinesia  (P<0. 03).  As  shown  by  morphometric  analysis, 
the  increase  in  total  mitochondrial  area  after  exposing  rats  to  y-radiation  in 
a  dosage  of  180.6  mC/kg  occurred  due  to  increase  in  area  of  each  organelle, 
their  number  remaining  constant,  whereas  after  hypokinesia  it  occurred  due 
to  drastic  increase  in  number  of  mitochondria  with  concurrent  reduction  of 
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organelle  area.  Thus,  it  can  be  assumed  that  the  increase  in  area. of  each 
cardiomyocyte  mitochondrion  after  exposure  to  radiation  is  due  to  its  swelling 
[1  4  7],  while  the  reduction  of  organelle  area  after  hypokinesia  is  due  to 
their  division  or  de  novo  production  [5,  6,  9].  Such  ultrastructural  changes 
in  rat  cardiomyocyte  organelles  had  been  demonstrated  by  us  previously 
following  local  exposure  to  the  animals’  heart  to  y-radiation  [10] .  However, 
as  shown  by  morphometric  analysis,  all  of  the  tested  parameters  of  rat  cardio- 
myocytes  were  considerably  higher  following  total-body  y-irradiation  in  a 
dosage  of  180.6  mC/kg  than  after  local  irradiation  of  the  region  of  the 
heart  in  a  dosage  of  516  mC/kg. 


Figure  2.  Changes  in  number,  area  and  total  area  of  rat  cardiomyocyte 
mitochondria  after  hypokinesia  and  exposure  to  y-radiation. 

X-axis,  postexposure  days;  y-axis:  . 

a)  number  of  mitochondria  per  unit  cardiomyocyte  area  (relative  units 

RU) 

b)  average  area  of  one  mitochondrion  (RU) 

c)  total  mitochondrial  area  (%) 


Consequently,  on  the  basis  of  morphological  analysis  of  ultrastructural  changes 
in  rat  cardiomyocyte  organelles  following  acute  radiation  damage  with  Co 
in  a  dosage  of  180.6  mC/kg  and  10-day  hypokinesia,  it  can  be  concluded  that  the 
developing  changes  are  nonspecific,  which  is  indicative  of  compensatory- 
adaptive  reactions  of  rats  to  these  factors.  However,  as  shown  by  morphometric 
analysis,  the  mechanism  of  reorganization,  in  particular,  in  nuclei  and  t  e 
mitochondrial  system,  under  the  effect  of  these  extreme  factors  is  referable  to 
different  routes:  "enlargement"  of  mitochondria  in  the  case  of  radiation  and 
due  to  accelerated  de  novo  formation  in  the  case  of  hypokinesia. 


Thus,  the  method  of  morphometric  evaluation  of  ultrastructural  changes  in  rat . 
cardiomyocytes,  which  we  selected,  made  it  possible  to  demonstrate  the  mechanism 
of  compensatory-adaptive  reactions  and  to  establish  the  specific  nature  o 
submicroscop ic  changes  in  nuclei  and  mitochondria  on  the  10th  day  of  hypokinesia 
and  radiation  damage. 
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[English  abstract  from  source]  The  cataractogenic  effect  of 
helium  ions  with  the  energy  4  GeV/nuclon  and.  Co  gamma-, 
radiation  was  examined.  In  response  to  helium  irradiation 
the  cataract  incidence  and  maturation  rate  was  higher  than 
in  response  to  gamma-irradiation  at  the  same  doses.  The  RBE 
coefficients  of  helium  ions  were  calculated  from  the  equally 
effective  doses  of  reference  and  helium  irradiations.  They 
depended  on  the  exposure  duration  and  amounted  to  1.2±0.1, 

2.210.1  and  2.610.1  by  post-irradiation  weeks  20,  30,  and  40, 
respectively. 


[Text]  Studies  of  biological  effects  of  heavy  nuclei  of  galactic  cosmic  radi 
tion  (GCR) ,  which  were  conducted  on  the  most  elementary  biological  objects 
and  plants  [2,  5],  warrant  the  belief  that  passage  of  such  particles  through 
cells  with  low  repair  capacity  could  present  a  danger  to  them.  For  this  reason, 
it  was  deemed  important  to  investigate  the  biological  effects  of  accelerate 
high-energy  helium  ions  contained  in  GCR  on  the  lens  of  the  mouse  eye,  and  to 
determine  the  coefficients  of  relative  biological  effectiveness  (RBE)  of  this 
type  of  radiation. 


Methods 

In  our  experiments,  we  used  430  female  F^CBAxC  Bl)  mice  weighing  16-18  g. 

The  animaL  were  exposed  to  total-body  radiation  by  helium  ions  with  energy  of 
4  GeV/nucleon  in  doses  of  0.5,  1.0,  2.0  and  4.0  Gy,  and  Co  y-radiation  deliv 
ered  by  an  RKh-y-3  unit,  in  doses  of  1.0,  2.0,  4.0  and  6.0  Gy  Radiation. dose 
rate  constituted  0.002  and  0.006  Gy/s  for  helium  and  y-radiation,  respectively. 
LET  [linear  energy  transfer]  constituted  8.8  MeV.cm2/g  for  helium  ions  and 
25  MeV*cm2/g  for  y-radiation.  The  animals  were  irradiated  on  the  synchrophaso¬ 
tron  of  the  Joint  Institute  for  Nuclear  Research  in  Dubna.  The  lenses  of 
irradiated  and  control  animals  were  examined  every  4  weeks  with. an  elect 
ophthalmoscope  and  +15.0  D  magnifying  glass.  The  pupils  were. dilated  w 
1%  homatropine  solution.  In  defining  degree  of  opacity,  we  distinguished 
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four  stages:  I — formation  of  individual  punctate  opacities;  II — point 
opacities  that  merged  forming  a  small  opaque  disk;  III — the  disk  increases  in 
size  giving  off  rays  toward  the  periphery  and  it  is  difficult  to  see  the 
fundus;  IV — complete  opacity  of  lens  [3].  The  incidence  of  lenticular  opa¬ 
cities  was  calculated  as  percentage  of  examined  eyes  in  each  group  of  animals. 
The  obtained  data  were  processed  statistically  by  the  y2  method. 

Results  and  Discussion 

The  results  of  these  studies  revealed  that  mice  exposed  to  high-energy  helium 
ions  in  doses  of  0.5  to  4.0  Gy  develop  lenticular  opacities  just  as  they  do 
after  exposure  to  y-radiation  in  doses  of  1. 0-6.0  Gy.  However,  the  time  of 
appearance  of  visible  changes  in  the  lens  differed.  After  exposure  of  animals 
to  helium  ions  in  a  dose  of  4.0  Gy,  the  first  punctate  lenticular  opacities  were 
detected  4  weeks  later,  and  with  doses  of  1.0  and  2.0  Gy  8  weeks  after  exposure. 
In  mice  exposed  to  y-radiation  in  doses  of  4.0  and  6.0  Gy,  the  first  opacities 
appeared  8  weeks  after  exposure,  and  with  doses  of  1.0  and  2.0  Gy,  10  weeks 
after  exposure.  Figure  1  illustrates  duration  of  latency  period  as  a  function 
of  radiation  dose.  In  nonirradiated  animals,  the  first  senile  opacities  of  the 
lens  appeared  only  20  weeks  after  the  start  of  the  experiment. 

The  incidence  of  lenticular  opacities 
increased  in  irradiated  animals  with  in¬ 
crease  in  dosage.  Analysis  of  the  results 
revealed  that,  in  the  case  of  helium  ions, 
the  incidence  of  lenticular  opacities  as  a 
function  of  dose  was  linear  in  the  dose 
range  of  0.5  to  2.0  Gy.  Thereafter,  the 
curve  of  this  function  forms  a  plateau 
(Figure  2a) .  In  the  indicated  range  of 
doses,  the  dose-effect  curve  can  be  des¬ 
cribed  by  a  linear  equation. 

Figure  1. 

Duration  of  latency  period  of  forma-  With  exposure  to  y-radiation,  the  dose- 
tion  of  lenticular  opacities  as  a  effect  curve  had  a  somewhat  different 

function  of  dose  of  helium  ions  appearance.  It  was  linear  (Figure  2b)  in 

(dots)  and  y-radiation  (circles)  the  dose  range  of  1.0  to  4.0  Gy.  The 

value  of  coefficient  a  changed  from  14.6 
by  the  20th  week  after  irradiation  to  19.5  by  the  30th  week.  In  this  case, 
the  slope  of  the  curve  was  less  marked  by  one-half  than  with  exposure  to  helium. 
This  is  indicative  of  the  higher  intensity  of  formation  of  lenticular  opacities 
with  exposure  to  helium  ions. 

The  values  for  RBE  of  helium  ions  with  energy  of  4  GeV/nucleon  (opacities  in 
50%  of  the  cases)  were  different  for  the  20th,  30th  and  40th  postradiation 
weeks,  and  they  constituted  1.2±0.1,  2.2±0.1  and  2.6±0.1,  respectively. 

A  variation  of  values  for  the  RBE  coefficient  as  a  function  of  time  of 
examination  of  incidence  of  opacities  was  also  found  when  rabbits  were 
exposed  to  accelerated  argon  ions  (LET  =  90  keV/ym)  and  neon  (LET  =  35  keV/ym) 
[4].  High  doses  of  radiation  led  to  lenticular  opacity  before  complete  loss  of 
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vision,  whereas  with  low  doses  there  was  development  of  only  partial  (incomplete) 
cataract.  The  rate  of  cataractogenesis  increased  with  increase  in  radiation 
LET.  It  should  also  be  noted  that  in  experiments  on  different  biological  ob¬ 
jects,  according  to  cytogenetic  parameters  RBE  coefficients  for  helium  ions 
with  energy  of  4.6  GeV/nucleon  were  m  the  range  of  1.2-2. 7  [1 J .  The  high 
values  for  helium  ion  RBE  are  attributed  by  authors  to  the  contribution  of 
secondary  radiation  appearing  as  a  result  of  nuclear  interactions  as  charged 
particles  pass  through  cells.  There  can  be  appearance  of  slower  charged  par 
tides  (protons,  a-particles,  etc.),  the  LET  of  which  exceeds  that  of  the 
original  radiation. 


Figure  2. 

Incidence  of  lenticular  opacities  as  a 
function  of  dosage  of  helium  ions  (a) 
and  y-radiation  (b)  20  (•) ,  30  (■)  and 
40  (A)  weeks  after  irradiation 

X-axis,  dose  (Gy);  y-axis,  incidence 
of  opacities  (%) 


Values  of  coefficient  b  for  different 
doses  of  helium  ions  and  y-radiation5' 


Dosage,  Helium 
Gy  ions (Hd 

y -radi¬ 
ation  (y) 

b  (He)//)  (V) 

1,0  1 ,83 

1,46 

1,25 

2,0  3,25 

1 ,55 

2,09 

4,0  5,20 

2,12 

2,45 

*N  =  a  +  bt,  where  N  is  incidence  of 
opacity  (%) ,  £  is  postradiation  time 
(weeks) ,  a  is  incidence  of  opacity 
in  control  animals  and  b  is  change 
in  incidence  of  opacities  in  1  week. 


The  incidence  of  development  of 
opacities  of  the  lens  is  a  function 
of  time  elapsed  since  irradiation 
(Figure  3).  The  time-effect  func¬ 
tion  is  close  to  linear. 


The  data  listed  in  the  Table  indicate  that  the  intensity  of  formation  of  lenti¬ 
cular  opacities  is  considerably  greater  after  exposure  to  helium  ions  than  y 
radiation,  and  in  both  instances  it  increases  with  increase  m  dosage. 


Figure 

X-axis 


3  Incidence  of  lenticular  opacities  as  a  function  of  time  after 
exposure  to  helium  ions  (o)  and  y-radiation  (x)  in  doses  of 
1.0  (a),  2.0  (b)  and  4.0  (c)  Gy.  . 

time  of  examination  (weeks);  y-axis,  incidence  of  opacities  U) 
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The  start  of  formation  of  punctate  opacities  classified  as  stage  I  of  cataract 
development  was  observed  at  different  times,  depending  on  the  radiation  dose: 
5-20  weeks  after  exposure  to  helium  ions  in  doses  of  4. 0-0. 5  Gy  and  8-10  weeks 
after  exposure  to  y-radiation  in  doses  of  4. 0-1.0  (2.0)  Gy.  With  increase  in 
duration  of  the  study  the  incidence  of  stage  I  opacities  increased,  reaching  a 
maximum  (75%)  by  the  20th  week  after  exposure  to  4.0  Gy  helium  ions.  With  ex¬ 
posure  to  radiation  in  doses  of  2.0,  1.0  and  0.5  Gy,  maximum  number  of  stage  I 
opacities  was  observed  after  40,  50  and  70  weeks,  respectively.  Thereafter, 
the  incidence  of  stage  I  opacities  dropped  due  to  start  of  formation  of  stage  II 
cataract. 

Development  of  stage  II  cataract  was  observed  in  some  animals  15,  20,  30  and  39 
weeks  after  delivery  of  4.0,  2.0,  1.0  and  0.5  Gy  helium  ions,  respectively. 
Progressive  development  of  stage  II  opacities  of  the  lens  was  noted  only  in 
animals  exposed  to  doses  of  1. 0-4.0  Gy.  With  delivery  of  0.5  Gy,  stage  II 
cataract  was  demonstrated  in  only  13%  of  the  cases. 

Stage  III  cataracts,  which  are  characterized  by  almost  complete  opacity  of 
the  lens,  were  found  in  some  animals  exposed  to  helium  ions  in  doses  of  2.0  and 
4.0  Gy  by  the  50th  and  40th  weeks,  respectively.  With  increase  in  duration  of 
the  experiment,  their  frequency  rose.  In  some  animals  of  this  group,  there 
was  development  of  complete  cataract  (stage  IV)  77  weeks  after  irradiation. 

There  was  analogous  development  of  cataracts  in  animals  exposed  to  y-rays.  In 
particular,  formation  of  stage  I  opacities  occurred  less  intensively,  and 
the  maximum  did  not  exceed  40%.  Stage  II  opacities  appeared  5-10  weeks  later 
than  with  exposure  to  helium  ions.  Development  of  stage  III  cataract  was 
demonstrated  in  animals  exposed  to  doses  of  2.0  and  4.0  Gy  also,  but  at  a 
later  time  (55  weeks  after  exposure  to  a  dosage  of  4.0  Gy).  With  increase  in 
postradiation  time,  their  incidence  also  increased. 

Thus,  the  results  of  our  investigation  revealed  that  4  GeV/nucleon  helium  ions 
had  a  marked  cataractogenic  effect.  The  incidence  of  lenticular  opacities  was 
a  function  of  radiation  dosage  and  postradiation  time.  Formation  of  opacities 
is  preceded  by  a  latency  period,  the  length  of  which  diminishes  with  increase 
in  dosage.  The  clinical  signs  of  cataract  development  in  mice  exposed  to 
helium  ions  did  not  differ  from  those  associated  with  standard  types  of 
radiation.  The  coefficients  of  relative  biological  effectiveness  of  helium 
ions  with  energy  of  4  GeV/nucleon  changed  as  a  function  of  tested  time,  and 
they  constituted  1.2,  2.2  and  2.6  by  the  20th,  30th  and  40th  weeks,  respectively. 


BIBLIOGRAPHY 

1.  Govorun,  R.  D.,  Vorozhtsova,  S.  V.  and  Gerasimenko,  V.  N. ,  KOSMICHESKAYA 
BIOL.,  No  4,  1982,  pp  64-67. 

2.  Nevzgodina,  L.  V.  and  Maksimova,  Ye.  N. ,  Ibid,  pp  67-71. 

3.  Christenberry,  K.  W.  and  Furth,  J.,  PROC.  SOC.  EXP.  BIOL.  (New  York) , 

Vol  77,  1951,  p  559. 

4.  Keng,  P.  C.,  Lee,  A.  C.,  Cox,  A.  B.  et  al.,  INT.  J.  RADIAT .  BIOL.,  Vol  41, 
1982,  pp  127-137. 

5.  Planel,  H.,  Soleilhavoup,  J.  P.,  Blangult,  J.  et  al.,  LIFE  SCI.  SPACE  RES., 
Vol  12,  1974,  pp  85-89. 


83 


JPRS-USB-85-003 
18  April  1985 


UDC:  615.5-001.29:546.291 

SKIN  LESIONS  AFTER  EXPOSURE  TO  HIGH-ENERGY  PROTONS  AND  HELIUM  IONS 

Moscow  KOSMICHESKAYA  BIOLOGIYA  I  AVIAKOSMICHESKAYA  MEDITSINA  in  Russian  Vol  19, 
No  1,  Jan-Feb  85  (manuscript  received  25  Jul  83)  pp  59  62 

[Article  by  N.  Ya.  Savchenko] 

[English  abstract  from  source]  The  RBE  of  high-energy  protons 
and  helium  ions  was  measured  with  respect  to  the  proliferation 
rate  cell  number  of  the  epidermic  basal  layer,  induction  rate 
of  aberrant  mitoses,  number  and  type  of  chromosome  aberrations. 

The  animals  were  examined  on  postradiation  days  1  and  6  (i.e., 
when  the  proliferation  rate  of  the  first  postradiation^mitosis 
was  at  a  maximum).  The  RBE  coefficients  of  protons  and  helium 
ions  were  unity  with  respect  to  the  reproductive  cell  death 
and  cell  number  of  the  epidermic  basal  layer;  1.5  with  respect 
to  the  formation  of  multiple  cell  aberrations;  1.2-1. 5  with 
respect  to  exchange-type  aberrations;  and  1.6  with  respect  to 
the  mitotic  index  variations.  This  gives  evidence  that  m 
response  to  high-energy  protons  the  nuclear  apparatus  of  the 
cell  undergoes  profound  lesions. 

TTextl  It  is  interesting  to  study  the  condition  of  the  skin  after  exposure  to 
high-energy  heavy  charged  particles,  which  are  the  main  component  of  ra^tion 
from  sola?  flares  as  related  to  solving  problems  of  assuring  radiation  safety 

of  spaceflights  [1]. 

Our  obiective  here  was  to  investigate  the  relative  biological  effectiveness 
(RBE)  of  protons  and  helium  ions  of  relativistic  energies  according  to  ^olo 
gical  and  cytogenetic  criteria,  which  characterize  the  state  of  mouse  skin 
at  different  postexposure  stages. 

Methods 

In  the  experiments,  we  used  410  F  ^CBAxCsrBle)  mice  of  both  sexes.  The  animals 
were  irradiated  on  the  synchrocyclotron  of  the  Joint  Institute  for  Nuclear 
Research In  Dubna!  to  protons  with  energy  of  9.2  GeV  and  helium  ions  with 
energy  of  4  GeV/nucleon  in  doses  of  0.05  to  7.5  Gy.  Dose  rate  constitu  e 
0  003-0.001  Gy/s,  homogeneity  of  heavy  particle  beams  was  ±104,  with  linear 
energy  transfer  (LET)  of  0.2  and  0.88  keV/ym.  The  animals  were  examine 
24  h§af ter  irradiation  and  at  maximum  parameters  of  proliferative  activi  y 
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the  first  postradiation  mitosis  [2].  We  used  10-11  animals  at  each  stage  and 
for  each  dose  of  radiation.  Concurrently,  we  fixed  pieces  of  skin  from  mice 
in  the  intact  group.  Analogous  dose-effect  curves  were  studied  on  animals  of 
the  same  line  and  weight  exposed  to  60Co  y-quanta  at  a  dose  rate  of  0.04  Gy/s. 
The  following  served  as  criteria  of  skin  sensitivity  to  radiation:  prolifera¬ 
tive  activity,  cellularity  of  epidermal  basal  layer,  incidence  of  induced 
aberrant  mitoses,  number  of  chromosome  breaks  per  aberrant  cell,  incidence  of 
appearance  of  cells  with  different  types  of  chromosome  aberrations.  The 
material  for  cytological  examination  (pieces  of  mouse  ear)  was  fixed  in  10% 
neutral  formalin,  washed  in  tap  water,  placed  in  1%  acetic  acid  solution  for 
2-3  days,  after  which  the  epidermis  (2  cell  layers  in  thickness)  was  separated 
from  the  corium  and  cartilage  by  the  method  of  Cowdry  [3],  washed  thoroughly 
and  stained  with  hematoxylin.  After  standard  histological  treatment,  the 
material  was  placed  in  balsam  and  examined  under  a  microscope.  We  counted  the 
mean  number  of  basal  epidermal  cells  per  standard  microscope  field,  counting 
50  such  fields;  we  noted  the  number  of  dividing  cells  per  3000-5000;  we 
counted  aberrant  cells  per  50-100  cells  at  the  late  anaphase  and  early  telo¬ 
phase.  Cells  with  marked  chromsome  disturbances  in  the  form  of  bridges  and 
fragments  were  referred  to  aberrant  mitoses  [2].  The  material  was  submitted 
to  statistical  processing  using  the  least  squares  method  and  reliability 
criteria  of  Student  [4]. 

Results  and  Discussion 

The  results  of  comparative  study  of  the  condition  of  mouse  skin  after  exposure 
to  heavy  charged  high-energy  particles  and  Co  Y-quanta  revealed  the  high 
inactivating  activity  of  these  types  of  radiation.  There  were  disturbances  of 
proliferative  activity  of  epidermal  cells  and  a  high  percentage  of  aberrant 
mitoses. 

The  damaging  effect  of  radiation  on  the  skin  was  characterized  at  the  early 
stages  by  significant  inhibition  of  mitotic  activity  of  epidermal  cells:  24  h 
after  irradiation  the  number  of  dividing  cells  was  at  an  extremely  low  level, 
with  minimum  values  at  high  doses;  the  mitotic  index  did  not  exceed  20%  of  the 
control  with  a  dosage  of  1.0  Gy  and  1.5%  with  5.0  Gy.  The  degree  of  decline 
in  capacity  of  epidermal  cells  for  division  can  be  characterized  as: 

Mc/Nc 

Me/Ne  *  100  = 

Where  Me  and  Mc  is  the  number  of  dividing  cells  in  the  experiment  and  control, 

Ne  and  Nc  is  the  number  of  cells  in  the  epidermal  basal  layer  in  the  experiment 
and  control,  d  is  radiation  dose  (in  Gy;  Table  1).  Analysis  of  the  curves  of 
change  in  mitotic  index  as  a  function  of  dosage  24  h  after  exposure  shows 
that  there  were  different  effects  of  the  tested  types  of  radiation  on  prolifer¬ 
ative  activity  of  epidermal  cells  at  different  dose  levels,  and  they  were  more 
distinct  upon  mathematical  processing  of  the  data.  There  was  exponential 
decline  of  mitotic  activity  with  doses  up  to  2.5  Gy,  and  it  was  characterized 
by  proton  and  helium  ion  doses  that  lowered  mitotic  index  by  50%  and  constituted 
6.0±1.0  Gy.  With  increase  in  dosage  to  the  median  lethal  level,  the  dose-effect 
curves  acquired  a  more  complicated  appearance  and  were  governed  by  a  function 
that  can  be  described  satisfactorily  with  the  polynomial  formula: 
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=  a  +  bx  +  ax 2  +  bxz 


where  y  is  the  mitotic  index  (%  of 
in  nature  of  the  dose-effect  curve 

Table  1. 

Changes  in  mitotic  activity  of 
epidermal  cells  24  h  after  irradi¬ 
ation,  and  number  of  chromosome 
breaks  per  aberrant  cell 

Type  of  Dosage,  Mitotic  CgoS.e°_ 
radiation  Gy  index; %  breaks 

Pamma  0,5  0,25+0,05  1 ,7+0,2 

Gamma  Q  ()n  4,0,05  1 ,8+0,3 

quanta  2’,5  0.09+0,02  2, 0+0,2 

5  0  0,04 ±0.0 1  2,4 ±0,3 

7,5  0,01  ±0,01  2,8+0, 2 


Protons 


Helium 


Control  0,5±0,07  1,3±0,08 


0,5+0,03 

0,2±0,04  2,5±0,5 
0, 14±0,04  2,0±0, 15 
2,G±0,2 

0,06±0,02 

—  .  2,7±0,2 

0.01  ±0,01  2,8±0,15 

3,3±0,05 

—  3,5±0,2 


Control  0,7+0,05  1,3+0,05 

0,1  0,7±0,1 

0,25  0,8±0,04 

0,5  0,4±0,07 

1,0  0,15+0,03 

2,0  0,08+0,02 
4,0  0,02+0,01 

Control  0,8+0,07 


control)  and  x  is  dose  (Gy).  Such  a  change 
at  the  early  postradiation  stages  could  be 
due  to  changes  in  proportion  of  cells  at 
stages  of  the  cell  cycle  differing  in 
radiosensitivity  and  as  a  result  of  modi¬ 
fication  of  more  radioresistant  processes. 

As  we  know,  epidermal  cells  constitute  an 
asynchronously  dividing  heterogeneous  system 
of  cell  subpopulations  at  different  levels 
of  their  functional  and  proliferative  acti¬ 
vity,  which  differ  in  radioresistance. 

With  increase  in  radiation  doses,  at  cer¬ 
tain  levels  of  damage,  there  may  be  in¬ 
volvement  of  previously  resistant  subpopula¬ 
tions  in  the  process.  The  curves  of 
degree  of  depression  of  mitotic  activity  as 
a  function  of  dosage  24  h  after  exposure  to 
different  factors  are  qualitatively  rather 
similar.  However,  calculation  of  RBE 
coefficients  for  protons  and  helium  ions, 
which  was  made  on  the  basis  of  comparing 
doses  eliciting  50%  decline  of  the  mitotic 
index  yielded  values  of  1.6±0.5  in  both 
instances. 

Our  studies  failed  to  demonstrate  appreci¬ 
able  differences  between  effects  of  cell 
depletion  of  the  basal  epidermal  layer 
after  exposure  to  protons,  helium  ions  and 
y-quanta  in  different  doses.  According  to 
the  criterion  of  cellularity  of  the  mouse 
epidermis  24  h  after  irradiation,  the  RBE 
coefficients  for  heavy  charged  particles 
constituted  1. 


~~  ~  Cytogenetic  analysis  of  epidermal  cells, 

which  was  made  at  the  maximum  of  the  first 
postradiation  mitosis,  revealed  that  the 
share  of  cells  with  chromosome  damage  after 
exposure  to  heavy  charged  particles  increased  linearly  with  increase  m  dosage, 
i.e.  there  were  about  10%  cells  with  chromosome  breaks  per  1.0  Gy  absorbed 
energy  (see  Figure).  It  should  be  noted  that  the  number  of  cells  with  chromosome 
aberrations  in  the  skin  of  intact  animals  of  the  same  line  did  not  excee 
Incidence  of  aberrant  mitoses  as  a  function  of  dosage  of  protons,  helium  10ns 
and  y-quanta  can  be  expressed  in  the  form  of  regression  equations  (Table' 2) . 

As  can  be  seen,  in  all  instances  there  were  insignificant  (P>0.05)  differences 
between  coefficients  of  regression,  which  confirms  the  estimated  RBE  coeffici 
ents  of  protons  and  helium  ions  as  a  criterion  of  incidence  of  induced 
aberrant  mitoses,  which  equal  1.  In  addition,  we  found  that,  as  compared  to 
the  effect  of  y-quanta,  in  epidermal  cells  exposed  to  heavy  charged  par tic  es 
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a  larger  number  of  chromosome  breaks  developed,  particularly  with  use  of  high 
doses  (see  Table  1) .  The  RBE  coefficient  for  protons  constituted  about  1.5 
according  to  this  criterion.  Not  only  appearance  of  many  cells  with  multiple 
aberrations,  but  the  high  percentage  of  exchange  (bridge)  type  aberrations 
were  distinctions  of  the  effect  of  the  tested  particles  of  relativistic 
energy  on  the  skin:  the  number  of  cells  with  bridges,  with  bridges  and  frag¬ 
ments  was  1.2-1. 5  times  greater  than  after  exposure  to  y-quanta,  which  is 
indicative  of  more  profound  impairment  of  genetic  structures  of  cells. 


Table  2. 

Regression  equations  for  results  of 
counting  incidence  of  induced  aberrant 
mitoses  in  epidermal  cells 


'  f 


l  t 

"tfi . 2.0  Jo"  4.0  5.0  eo 


Type  of 
radiation 

Regression 

equation 

Gamma  quanta 

y- =  (9,f>dt0,6)*  x 

Protons 

y  (8,l±l,2)-i 

Helium  ions 

(1 1 ,7±2,2)'* 

7.0  8.0 


Incidence  of  induced  aberrant  mitoses 
in  mouse  epidermis  after  exposure  to  4 

Y-quanta  (1) ,  protons  (2)  and  helium  ‘““lysis  of  the  biological  effects  of 

ions  (3)  protons  and  helium  ions  of  relativistic 

X-axis,  dosage  (Gy);  y-axis,  aberrant  energy  revealf  that  the  types  of  high- 

mitoses  (%)  energy  particles  we  used  have  proper¬ 

ties  in  common,  which  were  manifested 
by  decline  of  mitotic  actitivity  of 
dividing  cells,  formation  of  aberrant  mitoses,  appearance  of  more  chromosome 
breaks  than  with  exposure  to  y-quanta  and  higher  yield  of  aberrations  of  the 
exchange  type.  RBE  of  protons  and  helium  ions  when  assessing  the  state  of  mouse 
skin  according  to  cytogenetic  and  cytological  tests  changed  primarily  from  1.0 
to  1.6.  It  should  be  noted  that  RBE  values  of  1  and  those  obtained  for 
reproductive  death  of  epidermal  cells  correspond  to  the  RBE  of  high-energy 
helium  ions  estimated  according  to  the  clinical  signs  of  radiation  lesion  to 
the  skin  [7].  According  to  these  data,  the  RBE  coefficient  of  helium  ions  for 
erythema,  dry  and  exudative  dermatitis  in  the  mice  during  a  30-day  observation 
period,  epilation  and  atrophy  of  the  skin  at  the  late  stages  (90th-150th  post¬ 
radiation  days)  also  equals  1.  Such  quantitative  correspondence  of  RBE  for 
cellular  effects  on  the  skin  and  visually  evaluated  clinical  reaction  of  the 
skin  confirms  the  validity  of  the  hypothesis  that  the  skin  reaction  to  radia¬ 
tion  depends,  to  some  extent,  on  the  state  of  the  system  of  cell  renewal  in  the 
epidermis  [5,  6],  This  is  also  indicated  by  the  time  frame  of  development  of 
radiation  reactions  in  the  skin:  at  the  early  stages  (hours,  day)  there  is 
manifestation  of  effects  on  the  cellular  level;  on  the  14th-20th  days,  develop¬ 
ment  of  clinical  signs  of  lesion  (dermatitis);  on  the  90th-105th  days,  appear¬ 
ance  of  atrophy  and  necrosis. 


Key:  y)  increment  of  aberrant  mitoses 
as  compared  to  control  (%) 
x)  dose  (Gy) 


Thus,  exposure  to  protons  and  helium  ions  of  relativistic  energy,  as  well  as 
60C  y-quanta,  elicits  significant  damage  to  the  skin,  which  is  manifested  at 
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the  early  stages  by  disturbances  in  the  genetic  system  of  epidermal  cells. 
Sese  lesions  to  nuclear  structures  of  cells  lead  to  transient  or  irreversible 
(depending  on  dosage)  disturbances  in  the  kinetics  of  cellular  ’ 

which  ultimately  determines  the  skin's  sensitivity  to  radiation.  RBE  coef 
ents  for  protons  and  helium  ions  were  found  to  be  1.0-1. 6  according  to  cyt  - 
genetic  and  cytological  criteria  of  condition  of  the  skin. 
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[English  abstract  from  source]  Thyrotrophin,  thyroxine, 
triiodothyronine,  and  reverse  triiodothyronine  were  measured 
in  plasma  and  thyroxine  and  triiodothyronine  in  the  thyroid 
gland  of  the  rats  flown  for  18.5  days  onboard  Cosmos-1129. 

Postflight  the  plasma  content  of  thyrotrophin  and  triiodothyro¬ 
nine  increased  and  that  of  thyroxine  decreased  and  the  gland 
content  of  thyroxine  and  triiodothyronine  diminished.  It  is 
postulated  that  in  the  flight  animals  the  functional  activity 
of  the  thyroid  gland  declined. 

[Text]  Histological  examination  of  the  rat  thyroid  following  long-term  space- 
flights  revealed  some  morphological  signs  of  decline  of  its  function  [3].  At 
the  same  time,  no  appreciable  functional  changes  were  demonstrated  in  rats 
flown  aboard  Cosmos-936,  in  spite  of  the  fact  that  they  did  present  elevation 
of  thyroxine  (Tt*)  level  in  blood  plasma  [2],  The  observed  changes  were 
apparently  either  due  to  decrease  in  utilization  of  thyroid  hormones  or 
decrease  in  activity  of  deiodinating  enzymes.  It  was  found  that  on  the 
day  of  termination  of  13-day  flights  the  plasma  concentration  of  T4  in  astro¬ 
nauts  of  the  Apollo  spacecraft  increased,  but  1  day  after  flight  it  was 
entirely  normal  [8],  Analogous  findings  were  made  on  astronauts  of  the 
Skylab  orbital  station,  in  whom  insignificant  decrease  in  concentration  of 
triiodothyronine  (T3)  was  demonstrated  in  blood  plasma  after  completion  of  28-, 
56-  and  84-day  missions,  as  well  as  elevation  of  thyrotropic  hormone  (TTH) 
level  [6].  The  authors  of  [6,  8]  believe  that  their  findings  are  proof  of 
increased  thyroid  activity.  After  long-term  (73-185  days)  missions  aboard 
Salyut  orbital  station,  cosmonauts  also  presented  elevation  of  T4  and  a  ten¬ 
dency  toward  increase  in  TTH  content,  with  unchanged  plasma  T3  concentration. 

No  changes  were  demonstrable  in  cosmonauts  who  participated  in  short-term 
missions  (7  days)  in  parameters  characterizing  functional  activity  of  the 
pituitary-thyroid  system  [10].  This  report  deals  with  investigation  of  TTH,  T3, 
T4  and  reverse  T3  (rT3)  content  of  blood  plasma,  as  well  as  processes  of  hor¬ 
mone  biosynthesis  in  the  rat  thyroid  after  a  flight  aboard  Cosmos-1129.  We 
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thus  determined  the  rate  of  repair  of  previously  demonstrated  changes  with 
shortening  of  the  recovery  period,  established  the  effect  of  repeated  immobi 
lization  stress  in  the  postflight  period  on  the  response  of  the  tested 
parameters  of  functional  state  of  the  pituitary-thyroid  system. 

Methods 

The  studies  were  conducted  on  male  Wistar-SPF  (Bratislava,  CSSR)  rats  flown 
for  18.5  days  aboard  Cosmos-1129.  The  animals  were  decapitated  6-8  h  after 
landing  and  on  the  6th  postflight  day.  Some  of  the  animals  examined  6  days 
after  the  flight  were  submitted  to  5-fold  immobilization  stress  (for  15°  min 
per  day).  Animals  in  the  synchronous  and  control  groups  were  also  submitted  to 
repeated  immobilization  stress.  We  assayed  plasma  levels  of  TTH,  T4  and  T3  y 
radioimmune  analysis  and  rT3  by  the  method  of  radio immunochemical  analysis. 

The  thyroid  was  excised  immediately  after  decapitating  the  animals;  it  was 
rapidly  frozen  in  liquid  nitrogen  and  transported  in  dry  ice  to  the  laboratory 
for  analysis.  A  homogenate  was  prepared  of  each  thyroid  gland  in  0.25  m 
tris-buffer  (0.04  mol/ji,  pH  8.4)  with  addition  of  tapazole  (0.001  mol/%). 
Homogenates  of  thyroid  specimens  were  incubated  with  the  enzyme,  pronase 
(2  mg)  for  16  h  at  37 °C,  after  which  20  hydrolysate  was  applied  to 

Whatman  No  3  chromatography  paper.  The  hormones  were  sepated  in  a  system  o 
n-butanol-ethanol-0 . 5 n.  ammonia  (5:1:2)  by  the  method  of  ascending  chromato¬ 
graphy;  concurrently,  we  added  T3  and  T4  standards  to  each  specimen. _  After 
chromatography,  the  hormones  were  demonstrated  with  a  mixture  of  cerium 
ammonium  sulfate  and  arsenous  acid  anhydride,  after  which  we  cut  out  the 
appropriate  segments  of  the  chromatograms  and  determined  hormone  content 
them  by  the  method  of  alkaline  mineralization.  Statistical  reliability  was 
calculated  using  Student's  t  test. 

Results  and  Discussion 

Blood  plasma  TTH  content  in  animals  of  the  flight  and  synchronous  experiment  . 
groups  was  higher  6  h  after  the  experiment  than  in  rats  of  the  vivarium  cont  o  , 
TTH  in  flight  animals  was  higher  than  in  rats  of  the  synchronous  control. 

On  the  6th  postflight  day,  blood  TTH  level  in  flight  and  synchronous  groups 
was  appreciably  higher  than  in  the  control.  The  test  with  repeated  immobilize 
tion  stress  led  to  increase  in  TTH  concentration  only  m  vivarium  control  rats. 
This  parameter  changed  insignificantly  in  animals  of  the  flight  and  synchronous 

groups  (see  Table) . 

T4  concentration  in  blood  of  flight  group  rats  dropped  by  30%  6  h  after  the 
flight,  whereas  in  rats  used  in  the  synchronous  experiment  it  rose  by  60%,  as 
compared  to  the  vivarium  control.  The  T4  level  in  flight  animas  was  . 
times  lower  [about  4/9ths]  than  in  synchronous  control  rats.  Blood  T4  lev 
6  days  after  the  experiment  was  virtually  the  same  m  all  groups  ’ 

test  with  immobilization  stress  revealed  an  elevation  (by>33%)x>f  bio  4 
level  in  the  flight  group  of  rats  and  noticeable  decline  m  rats  used  m  t 
synchronous  experiment  and  vivarium  control,  by  63  and  44%  respective  y 
(see  Table) . 

T3  concentration  in  blood  of  flight  group  rats  was  appreciably  1 higher  both 
6  h  and  6  days  after  landing  than  in  vivarium  control  rats.  The  blood  level  o 
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this  hormone  was  considerably  higher  in  rats  of  the  synchronous  experiment 
than  in  the  flight  group  and  particularly  control  animals.  Repeated  immobili¬ 
zation  stress  did  not  elicit  changes  in  T3  content  of  blood  in  the  flight  group 
of  animals;  however,  in  the  synchronous  experiment  and  vivarium  control  groups 
this  parameter  dropped,  by  54  and  66%,  respectively  (see  Table). 

Thyrotropic  hormone  and  thyroid  hormone  levels  in  blood  plasma  and 
thyroid  gland  tissue  of  rats  (M±m) 


Parameter 

Animal 

1 

0 

3 

crroup 

Blood  plasma 


TTH,  yunits/m£ 

VC 

1 ,25-1-0,33 

1,82-1-0,40 

3, 50-1-0, 01" 

F 

8, 21 -l- l.ftf"." 

5,30-1  1,29" 

5,204-1,00 

SE 

:s,l  5+0,  69" 

5,1 1-1 -0,9(1" 

3,42  1-0,30 

T.i,  yg% 

VC 

5,8(1  -t-0,  Hi 

7,42+0,58 

4, 1(1 -+0,40" 

F 

3,78  1-0, 22"  6 

(1,44+0, 30 

8,59-1-0,46". 

SE 

8,50  1-0,35" 

(1,49  1-0,39 

2,39+0, 1  1  a. 

T.i>  ng% 

VC 

71,71  (  (1,54 

46,83+5,10 

10, 004- 1,00" 

F 

105,33  1-8,  II",  0 

122,3(1  1-9, 21". fi 

123,25  -+9,0".® 

SE 

259,91  -i-  12/1(1" 

203,(14  +  10,82" 

93,55+9,09". 

r'l's,  ng/m£ 

VC 

0,70-1:0,07 

0,(10+0,07 

0,50+0,08 

TP 

i 

0,(12-1-0,07 

0,53-1-0,08 

0,52  ±0,08 

SE 

0,504-0,07 

0,46-1  0,07 

0,44+0,06 

Thyroid  tissue 

Ts,  yg/10  mg  tissue 

VC 

1,37  1-0,14 

1,48+0,04 

1,05+0,04" 

F 

1,1(1  1-0, 106 

1,44+0,1 1 

1,48 -+0,09* 

Tr, ,  yg/10  mg  tissue 

SE 

1,4(5  1-0,10 

1,42-1-0,10 

1,54±0,01" 

VC 

1,47-1  0,17 

1,47+0,05 

1,30-1-0,05" 

F 

1,09  1-  0, 10® 

1,36+0,10 

1,54  +0,07" 

SE 

1,44  1  0,09 

1,58-1  0,08 

1 ,58-1-0, 1 1 " 

Key: 

VC)  vivarium  control  1)  6-8  h  after  landing 

F)  flight  2)  6th  postflight  day 

SE)  synchronous  experiment  3)  6th  day  after  landing  +  immobilization  stress 

a)  reliability  of  differences  as  compared  to  VC  parameter 
6)  same,  as  compared  to  SE  parameters 

b)  same  when  comparing  parameters  obtained  on  6th  postflight  day  and  in 
test  with  immobilization  stress  (columns  2  and  3) 


Blood  rT3  level  in  experimental  groups  of  animals  did  not  undergo  any  reliable 
changes,  although  there  was  a  tendency  toward  decline,  as  compared  to  the 
control,  which  was  more  marked  in  the  synchronous  experiment  animals.  The  test 
with  repeated  immobilization  did  not  elicit  changes  in  blood  rT$  concentration 
in  any  of  the  animal  groups  (see  Table) . 

T3  and  T4  content  of  thyroid  tissue  decreased  6  h  after  landing  in  the  flight 
group  of  animals,  as  compared  to  the  synchronous  control.  Concentration  of 
thyroid  hormones  in  the  thyroid  of  experimental  groups  of  animals  6  days  after 
the  experiment  did  not  differ  from  the  levels  in  the  vivarium  control  group. 
Repeated  immobilization  led  to  decline  of  T3  and  T4  in  the  thyroid  only  in 
vivarium  control  rats  (see  Table). 
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Thus,  our  study  of  parameters  characterizing  functional  activity  of  the  hypo-, 
physis-thyroid  gland  system  revealed  primarily  changes  in  the  same  direction  m 
both  experimental  groups — increase  in  plasma  TTH  and  T3  content.  It  shou  - 
also  be  noted  that,  while  the  changes  in  TTH  level  were  more  marked  m  flight 
rats,  the  concentration  of  T3  was  subject  to  greater  changes  in  the  synchronous 
experiment  group.  Evidently,  this  change  in  blood  TTH  concentration  was  due 
to  the  specific  effect  of  weightlessness  on  hypophyseal  secretion  of  TTH.  How 
ever,  against  the  background  of  elevation  of  TTH  and  biologically  more  active 
T3  levels  in  blood  of  flight  animals  immediately  after  landing,  there  was 
reliable  decline  of  the  other  thyroid  hormone,  T4,  whereas. in  rats  used  m  the 
synchronous  experiment  it  rose.  In  flight  rats,  thyroid  tissue  T3.and  T4 
content  decreased  reliably  only  in  comparison  to  parameters  for  animals  m  the 
synchronous  experiment. 


The  increase  in  plasma  concentration  of  T3  could  be  related  to  the  fact  that 
the  animals  required  the  biologically  more  active  hormone  after  the  experiment. 
Several  authors  believe  that  T3  is  the  only  active  thyroid  hormone,  while  the 
biological  effect  of  T4  in  the  body  could  only  be  due  to  its  conversion  to  T3 
[4],  The  hypothesis  has  also  been  expounded  that  if  the  rise  in  T3. level 
parallels  decline  of  T4  concentration,  this  change  in  T3  concentration  could 
be  due  to  changes  in  T4  metabolism  [5].  We  observed  such  changes  m  relative 
levels  of  T3  and  T4  in  blood  in  flight  animals.  Elevation  of  T3  level,  whic  . 
was  observed  against  the  background  of  high  TTH  content  and  low  T4  concentration, 
and  the  decrease  in  T3  and  T4  content  of  thyroid  tissue  in. flight  animals  warrant 
the  belief  that  the  functional  activity  of  the  thyroid  diminished  somewhat  m 
animals  flown  in  space.  Moreover,  in  the  presence  of  diminished  functional 
activity  of  the  thyroid,  there  are  conditions  for  development  of  hypercholester 
olemia  and  hyperlipidemia  [7].  This  is  consistent  with  the  elevation  of  plasma 
cholesterol,  triglyceride  and  nonesterified  fatty  acid  levels,  which  we  demon 
strated  in  the  flight  group  of  rats  [1].  It  is  also  known  that,  when  there  is 
diminished  T4  production  by  the  thyroid,  there  is  decrease. m  inactivating 
capacity  of  glutathione-insulin  transhydro genases  of  the  liver,  which  leads 
to  elevation  of  blood  insulin  level  [9],  which  we  demonstrated  in  this  group  of 

rats . 


The  test  with  repeated  immobilization  stress  enabled  us  to  demonstrate  different 
reactions  of  parameters  characterizing  activity  of  the  hypophysis-thyroid  system. 
Thus,  in  the  flight  group  of  animals,  against  the  background  of  increased  blood 
concentration  of  T4,  we  failed  to  demonstrate  changes  in  the  other  parameters, 
TTH  and  T3.  In  the  synchronous  experiment  group  of  animals  and  vivarium 
control,  the  parameters  in  question  changed  in  blood  in  the  same  direction,  as 
manifested  by  decline  of  plasma  T3  and  T4  levels.  Only  the  rats  of  the  vivarium 
control  presented  a  decrease  in  hormone  content  of  thyroid  tissue.  At  the  same 
time,  the  TTH  level,  according  to  which  one  can  indirectly  assess  thyrotropic, 
function  of  the  hypophysis,  changed  in  different  directions:  it  rose  m  vivarium 
control  animals  and  dropped  in  synchronous  experiment  rats.  In  all  probabi  y, 
exposure  to  weightlessness  (flight  group)  and  restricted. mobility  (synchronous 
experiment)  somewhat  alters  the  reaction  of  the  hypophysis-thyroid  system  to 
a  repeated  stressogenic  factor.  At  the  same  time,  the  reaction  of  this  system 
to  repeated  stress  differed  in  the  flight  group  of  animals,  not  only  from  J;he 
vivarium  control,  but  the  synchronous  one,  which  is  most  probably. due  to  the 
specific  effect  of  weightlessness  on  reactions  of  this  system,  which  are 
demonstrable  only  with  use  of  additional  stress  factors. 
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Thus,  the  results  of  our  studies  are  indicative  of  presence  of  some  decline 
in  functional  activity  of  the  thyroid  in  animals  flown  in  space. 
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[English  abstract  from  source]  The  concentration,  amino  acid 
composition  and  biological  value  of  proteins  of  unicellular- 
algae  belonging  to  various  taxonomic  groups  (Chlorella,  Chlamydo 
monas,  Spirulina,  Euglena)  were  investigated.  With  respect  to  the 
their  characteristics,  these  algae  hold  promise  as  components  of 
biological  life-support  systems  (BLSS) .  Indices  characterizing 
the  protein  and  biomass  quality  and  biological  value  were  cal¬ 
culated.  Such  indices  as  A/E  (where  A  is  an  essential  amino 
acid  and  E  is  the  sum  total  of  amino  acids) ,  E/T  (where  E  is 
nitrogen  of  essential  amino  acids  and  T  is  its  sum  total) ,  ammo 
acid  number,  factor  of  digestibility  in  vitro  were  high  enough 
and  close  to  the  respective  parameters  of  the  reference  protein. 
Animal  experiments  showed  high  biological  value  of  the  algal 
biomass  and  the  lack  of  its  toxic  or  other  adverse  effects.  The 
data  on  the  quantity  and  quality  of  protein  from  the  unicellular 
algae  are  indicative  of  its  high  biological  value  and  applicability 
to  BLSS.  It  is  suggested  that  the  differences  in  the  protein  com¬ 
position  associated  with  various  algal  forms  and  cultivation  con¬ 
ditions  can  be  used  to  produce  balanced  diets  by  varying  the  por 
tion  of  each  form  of  the  photoautotrophic  component  of  BLSS. 


TText]  Investigations  of  Chlorella  by  itself  and  as  part  of  various  models  of 
biological  life-support  systems  (BLSS)  revealed  a  number  of  Properties  m 
unicellular  algae,  which  render  them  promising  for  use  as  part  of  different 
systems  [4,  6,  10,  12].  At  the  present  time,  models  of  systems  based  on  a  g 
have  been  developed,  in  which  over  80%  of  human  metabolic  requirements  are 
met  due  to  photosynthesis  of  algae.  In  such  systems  the 

are  generated,  there  is  absorption  and  utilization  of  all  of  the  nitrogen 
eliminated  by  man,  absorption  and  utilization  by  algae  and  concomitant  micro 
flora  of  all  water-soluble  gas  impurities  from  the  atmosphere,  and  an  optimum 
physical  state  of  the  atmosphere  (aeroion  composition)  is  maintained  L15J- 

Such  a  model  of  the  system  implies  that  there  is  a  stock  of  food  for  man 
since  the  Chlorella  biomass  is  used  only  m  insignificant  quantities  m  the 
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diet  [11-14].  This  is  related  to  a  number  of  causes  and,  primarily,  to  the 
limited  number  of  algal  species.  None  of  the  organisms,  let  alone  a  single 
plant,  can  be  the  sole  source  of  food  to  satisfy  the  diverse  dietary  require¬ 
ments  of  man,  although  algal  biomass  is  notable  for  a  high  caloric  value  and 
optimum  composition.  We  believe  that  the  most  realistic  means  of  increasing 
the  share  of  biomass  in  the  human  diet  is  to  widen  the  species  composition 
of  the  algal  element  by  using  forms  referable  to  different  taxonomic  groups 
differing  in  biomass  composition  [4,  5]. 

For  several  years  we  investigated  the  quantity,  amino  acid  composition  and  bio¬ 
logical  value  of  protein  of  some  unicellular  algae — Chlorella,  Chlamydomonas , 
Spirulina  and  Euglena.  There  are  few  such  data  in  the  literature,  and  they 
are  not  comparable  due  to  the  differences  in  cultivation  conditions  and  methods 
of  investigation. 

Our  objective  here  was  to  summarize  the  results  of  studying  the  quantitative  and 
qualitative  composition,  as  well  as  biological  value  of  protein  from  different 
types  of  algae  in  different  taxonomic  groups  and,  on  this  basis,  to  characterize 
the  prospects  of  using  it  in  the  human  and  animal  diets  Of  BLSS. 

Methods 

We  studied  Chlorella  Sp-k  (Protococcaphyccae  class,  Chlorococcaceae  family), 
Chlamydomonas  reinhardii  strain  449  (Isoconta  class,  Chlamydomonadinaceae 
family),  Spirulina  platensis  (gom)  geitleri  strain  604  (Hormogoniaceae  class, 
Oscilliatoriaceae  family;  the  new  classification  puts  it  with  cyanobacteria) 
and  Euglena  gracilis  (Klebs)  strain  Z.  (Eugleninae  class,  Euglenaceae  family). 

The  algae  were  cultivated  under  optimum  conditions  for  each  species  in  an 
intensive  culture  with  stabilization  of  the  basic  parameters  (concentration  of 
carbon  dioxide,  oxygen,  temperature,  intensity  of  illumination,  pH,  density  of 
suspension,  rate  of  mixing  it,  concentration  of  basic  biogenous  elements  in  the 
medium).  Protein  was  evaluated  (crude  and  constitutional)  by  total  and  protein 
nitorgen,  respectively,  using  6.25  as  the  conversion  coefficient  [8].  Amino 
acid  composition  of  algae  was  determined  using  an  automatic  amino  acid  analyzer 
and  ion-exchange  chromatography  [1].  First,  the  specimens  of  biomass  were 
submitted  to  hydrolysis  in  6  n  HCl  for  24  h  at  a  temperature  of  110°C.  The 
biological  value  of  protein  was  determined  on  the  basis  of  indexes  that  were 
calculated  on  the  basis  of  amino  acid  composition  of  algae  [2],  according 
to  the  degree  of  their  hydrolysis  by  proteinases  [7],  as  well  as  in  a  series 
of  animal  experiments  (Wistar  rats)  following  the  same  method  of  feeding  them 
algal  biomass  [3,  9]. 

Results  and  Discussion 

The  results  of  our  investigations  revealed  that  all  of  the  algal  species  mentioned 
are  rich  in  protein.  Maximum  crude  protein  was  demonstrated  in  Spirulina  cells 
60%  and  minimum  in  Chlamydomonas — 37%  (scaled  to  dry  biomass)  (Table  1). 
Constitutional  protein  content,  determined  according  to  protein  nitrogen  in 
biomass  of  Chlorella,  Spirulina  and  Eugleng.  was  virtually  the  same  and  in  the 
range  of  45-47%  dry  matter,  the  range  being  30-35%  for  Chlamydomonas.  The 
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difference  between  crude  and  constitutional  protein  content  enabled  us  to  also 
determine  the  share  of  protein  nitrogen,  which  constituted  10  to  15%  for  Chlamydo 
monas,  Chlorella  and Euglena,  and  20-23%  for  Spirulina.  The  large  share  of  non¬ 
protein  nitrogen  in  Spirulina  is  apparently  attributable  to  the  fact  that  the 
cells  of  these  blue-green  algae  contain  large  amounts  of  chromoproteins,  m 
particular,  phycobilins. 

Investigation  of  amino  acid  spectrum  of  different  forms  of  algae  enabled  us  to 
establish  that  Euglena  biomass  is  characterized  by  maximum  amino  acid  content 
(over  55%  of  dry  matter)  and  Chlamydomonas,  by  the  minimum  (33%).  The  sum  of 
essential  amino  acids  ranges  from  42  to  51%  (Table  2).  It  must  be  noted  that 
the  algae  differ  from  one  another  in  amounts  of  the  different  amino  acids. 

For  example,  we  demonstrated  a  rather  high  level  of  arginine,  asparagine, 
lysine,  threonine  and  tyorsine  in  Chlorella,  arginine  and  alanine  in  Chlamydo¬ 
monas.’  Conversely,  Euglena  and  Spirulina  cells  contain  large  amounts  of 
aspartic  and  glutamic  acids,  serine,  methionine,  leucine  and  valine.  We  were 
impressed  by  the  high  level  of  histidine  in  Spirulina,  7.3%,  which  is  6-7  times 
more  than  in  the  other  3  species  of  green  algae. 


Table  1.  Nitrogen  content  (total  and  protein)  and  protein  (crude  and 
constitutional)  in  biomass  of  four  species  of  algae 


Algae 

Parameter 

Chlorella 

Chlamydo¬ 

monas 

Spirulina 

Euglena 

Total  nitrogen,  mg/g  dry  matter 

84,8±2, ! 

60,0±±3,0 

97,5+3,6 

90,2±3,2 

Protein  nitrogen,  mg/mg  dry  matter 
Crude  protein,  %  dry  matter 

69, 3±  1 ,8 
53,0 

53,0±2,0 

37,6 

74,5+1,9 

60,0 

73,4±2,2 

57,0 

Constitutional  protein,  %  dry  matter 

45,0 

33,0 

47,2 

45,8 

Comparative  analysis  of  amino  acid  spectrum  of  algae  also  revealed  that 
Euglena  and  Chlorella  have  identical  amounts  of  lysine,  phenylalanine  and 
aspartic  acid,  whereas  Euglena  has  lower  levels  of  alanine,  prolme  and 
glycine  than  Chlorella  and  other  forms  of  algae. 

The  results  obtained  from  the  study  of  amino  acid  composition  of  algal  proteins 
indicate  that,  as  compared  to  other  plant  proteins,  they  are  rich  in  sulfur 
containing  amino  acids  (methionine  +  cystine).  They  constitute  0.6  0.b%  in 
Chlorella  and  Chlamydomonas  and  1.4-2. 2%  in  Spirulina,  when  scaled  to  ry  10 
mass.  Such  a  level  of  sulfur-containing  amino  acids,  as  compared  to  their 
shortage  in  most  plants,  warrants  the  assumption  that  the  proteins  of  the 
algal  species  mentioned  have  high  biological  value  and  are  promising  for  use 

as  food  and  feed. 

Significant  differences  were  discovered  in  quantity  of  protein  and  its  ammo 
acid  composition,  as  a  function  of  conditions  of  nitrogen  nutrition.  For 
example,  total  amino  acids  ranged  up  to  42.0%  for  Chlorella  with  a  comple  e 
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supply  of  nitrogen  for  the  algae,  up  to  17.3%  with  50%  nitrogen  supply,  whereas 
essential  amino  acids  ranged  from  22.0  to  8.5%,  respectively.  The  same  patterns 
were  demonstrated  for  Chlamydomonas  and  Spirulina. 


Table  2. 

Amino  acid  composition  of  protein  in 
different  algal  species  under  condi¬ 
tions  of  continuous  intensive 
cultivation 


Amino  acids,  % 
dry  matter 


Table  3. 

Some  parameters  (indexes)  characterizing 
quality  and  biological  value  of  protein 
of  unicellular  algae 


Amino  acid 


!Isoleucine 

Leucine 

Lysine 

Valine 

Threonine 

Methionine 

Phenylalanine 

Tyrosine 

Cystine 

Tryptophan 

Aspartic  acid 

Glutamic  acddi 

Serine 

Proline 

Glycine 

Alanine 

Histidine 

Arginine 


Total  amino 
acids ,  % 
dry  matter 

Total  essent. 

amino  acids.  On  the  basis  of  data  on  amino  acid  composi- 

%  dry  matter  22,6  15,0  21,1  25,4  .  c  -\  .  , 

1  tion  of  algae,  we  calculated  some  indexes 

Tcontainingr  (Table  3)  characterizing  the  quality  and 

amino  acids,  biological  value  of  the  proteins  examined. 

%  dry  matter  o,8  0,0  1,4  2,2  One  of  them  was  the  ratio  of  each  essential 

_ _  amino  acid  (A)  to  total  essential  amino 

acids  (E) ,  A/E.  The  obtained  A/E  ratios 
were  compared  to  the  data  for  a  standard 
protein  specimen  (FAO/WHO,  1974),  which 
enabled  us  to  make  a  comparative  evaluation  of  the  proteins  studied.  No  ap¬ 
preciable  differences  were  demonstrated  between  A/E  of  the  algal  proteins 
studied  and  the  reference  protein.  Index  e7t,  which  reflects  the  proportion  of 
nitrogen  in  essential  amino  acids  (E)  in  relation  to  their  total  (T)  was  rather 
high  in  the  biomass  of  the  algae  studied,  constituting  2.65  for  Chlorella,  2.5 
for  Chlamydomonas,  2.13  for  Spirulina  and  2.80  for  Euglena.  The  calculated 
values  for  E/T  turned  out  to  be  quite  close  to  those  for  a  number  of  standard 
protein  specimens,  which  constituted,  for  example,  2.25  for  the  FAO/WHO  1971 
standard,  3.25  for  casein,  2.58  for  soy  flour,  2.75  for  millet,  etc. 


OrH 
i — 1  rH 

62 

td 

r-i  a 

£  2 
u  e 

Spir 

lina 

rH 

0 

w 

1,8 

0,7 

3,3 

2,6 

3,2 

3,1 

4,6 

4,7 

4,3 

2,9 

2,2' 

4,1 

1,6 

2,3 

3,1 

3,2 

3,4 

1,9 

2,0 

2,2 

0,5 

0,4 

0,9 

2,1 

2,1 

1,8 

2,2 

2,5 

4,0 

1,3 

1,1 

3,0 

0,3 

0,2 

0,5 

0,1 

1.3 

0,4 

1,3 

0,6 

3,7 

3,0 

5,0 

3,7 

4,3 

4,4 

7,3 

12,6 

— 

1,7 

2,3' 

2,9 

1,9 

1,9 

1,6 

0,4 

2,3 

2,4 

2,6 

0,9 

3,3 

3,7 

4,4 

1,7 

0,7 

0,7 

7,3 

1,5 

3,5 

2,6 

2,8 

1,9 

42,2 

35,7 

54,1 

50,7 

22,6 

15,0 

21,1 

25,4 

0,8 

0,6 

1,4 

2,2 

Parameter 

Chlorella 

Chlamydo¬ 

monas 

Spirulina 

Euglena 

FAO/WHO  1974 

standard 

protein 

A/E:. 

isoleucine 

leusine 

lysine 

phenylalanine 

0,080 
,0, 140 
0,190 

0,226 

0,209 

0,160 

0,1 56! 
0,218! 
0, 100 

0, 100 
0,185 
0,161 

0,111 

0,196 

0,151 

+  tyrosine 

0,271 

0,209 

0,156 

0,216 

0,169 

methionine 

+  cystine 
threonine 
tryptophan 
valine 

E/T 

0.035 

0.150 

0,056 

0.070 

2,65 

0,040 

0,160 

0,026 

0,134 

2,50 

0,066 

0,094 

0.061 

0,146 

2,13 

0,086 

0.086 

0,023 

0,126 

2,78 

0,098 

0,111 

0,027 

0,137 

3,25* 

Amino  acid  number 

51 

37 

86 

88, 

100 

Digestibility 
index  (according 
to  trypsin) 

42,0 

34,5 

70,0 

58,6 

100 

*Casein  jjrotein. 


97 


We  also  calculated  the  amino  acid  number,  which  is  the  ratio  of  limiting  acid 
of  the  proteins  studied  to  that  of  the  standard  protein  sample.  Euglena  and 
Spirulina  had  an  amino  acid  number  that  was  close  to  the  control.  For  Chlorella 
and  Chlamydomonas  it  constituted  51  and  37%,  respectively.  According  to  this 
parameter,  the  quality  of  Euglena  and  Spirulina  protein  is  close  to  proteins 
of  soybeans  and  cotton  seeds. 


Dynamics  of  weight  of  animals 
kept  on  different  diets 

Solid  line,  casein  group;  dash 
line,  casein  90%  +  Euglena  10%. 
X-axis,  day  of  study;  y-axis, 
body  weight  (g) 


The  biological  value  of  protein  of  the 
tested  algal  species  was  also  characterized 
according  to  degree  of  hydrolysis  by  pro- 
teinases.  Using  the  method  of  enzymatic 
vulnerability  of  algal  proteins  to  trypsin 
in  vitro,  we  demonstrated  that  Spirulina 
and  Euglena  biomass  had  the  highest  digest¬ 
ibility,  which  constituted  70  and  59%, 
versus  40  and  37%  for  Chlorella  and  Chlamydo¬ 
monas,  respectively.  The  high  digestibility 
of  Spirulina  protein  is  apparently  due  to 
the  fact  that  a  large  part  of  the  cellular 
protein  of  these  algae  is  represented  by 
the  globular  type  of  protein  which,  in  the 
opinion  of  some  researchers,  have  consider¬ 
ably  higher  vulnerability  to  proteinases, 
in  particular,  trypsin. 


In  addition,  biological  value  and  suitability  of  algal  biomass  was  assessed  in 
a  series  of  experiments  on  animals  with  replacement  of  traditional  protein  in 
feed  allowances  (casein,  soymeal)  with  algal  protein.  The  animals  were  given 
this  diet  after  2  weeks  without  protein,  when  several  physiological  and  bio¬ 
chemical  parameters  were  studied,  such  as  growth  and  development  of  animals, 
survival,  tolerance  to  experimental  diets,  assimilation  of  feed,  protein  and 
carbohydrate  metabolism,  peripheral  blood  findings  against  the  background  of 
a  control  casein  and  soybean  diet. 

Inclusion  of  algal  biomass  in  the  diet  of  experimental  animals,  constituting 
10-18%  protein,  did  not  elicit  appreciable  changes  in  the  above-mentioned  para¬ 
meters.  The  dynamics  of  animal  weight  with  use  of  casein  in  the  diet  and  with 
partial  replacement  with  algal  protein  using  Euglena  as  an  example,  are  illus¬ 
trated  in  the  Figure. 

As  a  result  of  these  experiments,  we  demonstrated  the  high  biological  value  of 
algal  biomass,  absence  of  toxic  and  other  undesirable  signs  in  the  animals  and 
suitability  of  the  biomass  of  all  of  the  above-mentioned  algal  species  for  use 
as  feed. 

An  analogous  effect  was  obtained  in  studies  dealing  with  use  (partial  replace¬ 
ment)  of  algal  biomass,  in  particular,  Chlorella,  in  human  diets. 


Thus,  our  findings  concerning  the  quantity  and  composition  of  protein  in  uni 
cellular  algae  are  indicative  of  its  high  biological  value  and  good  possibi¬ 
lities  of  using  it  in  human  BLSS.  The  demonstrated  differences  in  protein 
composition  of  different  forms  of  algae,  including  differences  related  to 
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cultivation  conditions,  make  it  possible  to  provide  balanced  diets  by  varying 
the  share  of  each  species  in  the  photoautotrophic  element  of  the  system. 


BIBLIOGRAPHY 

1.  Andreyeva,  T.  F.,  in  "Biof izicheskiye  metody  v  fiziologii  rasteniy" 
[Biological  Methods  in  Plant  Physiology],  Moscow,  1971,  p  103. 

2.  Vysotskiy,  V.  G. ,  Yatsyshchina,  G.  A.  and  Mamoyeva,  Ye.  M. ,  VOPR. 

PITANIYA,  No  6,  1977,  p  3. 

3.  Kremer,  Yu.  N. ,  "Biokhimiya  belkovogo  pitaniya"  [Biochemistry  of  Protein 
Food],  Riga,  1965. 

4.  Meleshko ,  G.  I.,  in  "Vsesoyuznoye  rabocheye  soveshchaniye  po  voprosu 
krugovorota  veshchestv  v  zamknutoy  sisteme  na  osnove  zhiznedeyatel 'nosti 
nizshikh  organizmov.  9-ye.  Materialy"  [Proceedings  of  9th  All-Union 
Working  Conference  on  Circulation  of  Matter  in  a  Closed  System  Based  on 
Vital  Functions  of  Organisms],  Kiev,  1976. 

5.  Idem,  in  "Vsesoyuznoye  rabocheye  soveshchaniye  po  voprosy  krugovorota 
veshchestv  v  zamknutoy  sisteme  na  osnove  zhiznedeyatel'nosti  nizshikh 
organizmov.  8-ye.  Materialy,"  Kiev,  1974,  p  3. 

6.  Nichiporovich,  A.  A.,  Semenenko,  V.  S.  and  Vladimirova,  M.  G.,  IZV.  AN  SSSR. 
SER.  BIOL.,  No  2,  1962,  p  142. 

7.  Pokrovskiy,  A.  A.  and  Yertanov,  I.  D.,  Ibid,  No  3,  1965,  p  38. 

8.  Proskuryakov,  N.  I.  and  Belozerskiy,  A.  N.,  "Prakticheskoye  rukovodstvo 
po  biokhimii  rasteniy"  [Practical  Manual  of  Plant  Biochemistry] ,  Moscow, 
1955. 

9.  Rapoport,  S.  M. ,  "Meditsinskaya  biokhimiya"  [Medical  Biochemistry],  Moscow, 
1966. 

10.  Semenenko,  V.  B.,  Klichko-Gurvich,  G.  L.  and  Vladimirova,  M.  G. ,  in 
"Rabocheye  soveshchaniye  po  voprosu  krugovorota  veshchestv  v  zamknutoy 
sisteme  na  osnove  zhiznedeyatel’nosti  nizshikh  organizmov.  5-ye. 

Materialy,"  Kiev,  1968,  p  190. 

11.  Terskov,  I.  A.,  Gishelcezon,  I.  I.,  Lisovskiy,  G.  M.  et  al.,  in  "Rabocheye 
soveshchaniye  po  voprosu  krugovorota  veshchestv  v  zamknutoy  sisteme.  6-ye. 
Materialy,"  Kiev,  1969,  p  3. 

12.  Shepelev,  Ye.  Ya.  and  Meleshko,  G.  I.,  in  "Vsesoyuznoye  rabocheye 
soveshchaniye  po  voprosam  krugovorota  veshchestv  v  zamknutoy  sisteme  na 
osnove  zhiznedeyatel'nosti  nizshikh  organizmov.  8-ye.  Materialy,"  Kiev, 

1974,  p  146. 

13.  Shepelev,  Ye.  Ya. ,  Meleshko,  G.  I.,  Fofanov,  V.  I.  et  al. ,  Ibid,  p  10. 

14.  Fofanov,  V.  I.,  Abakumova,  I.  A.,  Aleksey eva,  T.  A.  et  al..  Ibid,  p  42. 


99 


JPRS-USB-85-003 
18  April  1985 


UDC:  629.78:574.685 

INVESTIGATION  OF  TOXIC  PROPERTIES  OF  PRESERVATIVES  TO  BE  USED  IN  WATER 
RECYCLING  SYSTEMS 

Moscow  KOSMICHESKAYA  BIOLOGIYA  I  AVIAKOSMICHESKAYA  MEDITSINA  in  Russian  Vol  19, 
No  1,  Jan-Feb  85  (manuscript  received  30  May  83)  pp  70-72 

[Article  by  G.  V.  Lobacheva,  Z.  P.  Pak,  N.  M.  Nazarov  and  I.  V.  Yakimova] 

[English  abstract  from  source]  The  comparative  toxicity  of 
halogen-containing  oxidizing  agents  was  investigated  with  the 
purpose  of  their  utilization  as  urine  preservatives  in  water 
reclamation  systems.  It  was  found  that  the  high  toxicity  of 
the  agents  (LD50  of  agent  1  was  15.7±1.1  mg/kg  and  LD50  of 
agent  2  was  23.0±1.2  mg/kg  when  injected  i.p.  to  white  mice) 
was  distinctly  related  to  their  low  pH  in  water  solutions 
(pH  3-4) .  In  neutral  solutions  the  toxicity  of  agent  1 
decreased  35  times  and  that  of  agent  2  12  times  so  that  they 
can  be  classified  as  moderately  toxic  substances.  Using  an 
isolated  frog  heart  according  to  Straub,  it  was  shown  that 
solution  neutralization  with  20%  NaHC03  also  decreased  the 
toxic  effect  of  the  above  agents,  making  them  similar  to 
chloramine  B,  a  well-known  disinfectant.  The  above  agents  were 
found  to  be  rapidly  inactivated  when  stored  in  low  concentrations 
and  to  remain  highly  stable  when  stored  in  concentrated  solutions. 

[Text]  The  problem  of  searching  for  preservatives  of  liquid  human  waste  is 
a  difficult  task,  since  there  are  many  requirements  [5].  According  to  the 
results  of  microbiological  studies,  agents  in  the  oxidant  group  are  promising 
preservatives,  including  haloid-containing  organic  compounds  with  the 
following  general  structure:  Ri-Cl  (No  1),  R2-CI2  (No  2),  R2-CI  (No  3)  and 
Ri-I  (No  4).  These  preservatives  have  high  antimicrobial  activity,  a  wide 
spectrum  of  antimicrobial  action  (bactericidal,  fungicidal  and  sporocidal) , 
they  provide  for  long-term  storage  of  urine  and  stabilization  of  quality  of 
the  primary  regeneration  product  going  into  the  treatment  column  unit.  The 
agents  do  not  corrode  materials  used  in  water  regeneration  systems  (WRS)  and 
they  do  not  lose  their  preservative  properties. 

Since  we  still  have  no  direct  chemical  method  of  demonstrating  the  tested 
compounds  in  an  aqueous  medium,  it  is  quite  important  to  perform  biological 
testing,  which  permits  determination  of  parameters  of  toxicity  and  its  possible 
dynamics  during  the  period  of  operating  recycling  systems. 
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We  are  submitting  here  the  results  of  a  comparative  study  of  the  toxicity  of 
halogen-containing  agents  referable  to  the  oxidant  group  as  related  to  storage 
time,  concentration  of  solutions  and  medium  pH. 

Methods 

We  tested  acute  toxicity  of  agents  No  1  and  No  2  on  mongrel  male  mice  weighing 
20-25  g,  with  intraperitoneal  injection  of  the  agents.  The  experiments  were 
set  up  by  the  method  of  0.  N.  Yelizarova  [2].  The  results  of  determining  LDso 
were  processed  by  the  method  of  probit  analysis  according  to  Miller  and 
(Teynter)  [1]. 

Investigation  of  comparative  toxicity  of  the  four  new  halogen— containing 
agents,  as  well  as  of  the  known  disinfectant,  chloramine  B,  was  conducted  on 
the  isolated  frog  heart  (8-10  per  group)  according  to  Straub,  because  of  its 
simplicity  and  high  sensitivity.  The  tested  concentrations  of  the  agents 
(0.001,  0.01  and  0.1%)  were  prepared  in  Ringer's  solution  (0.65%  NaCl  in 
distilled  water),  which  served  as  the  control  in  these  experiments.  Concentra¬ 
tions  of  0.01  and  0.1%  were  also  tested  in  a  medium  with  neutral  reaction  (pH  7), 
which  was  obtained  by  addition  of  20%  sodium  hydrocarbonate  solution. 

We  performed  30-  and  60-day  experiments  on  mongrel  white  mice  (10  animals  per 
group)  to  investigate  storage  time  of  agent  No  1  as  a  function  of  concentration, 
using  concentrations  of  0.25  and  1.5%.  We  tested  agents  No  1  and  No  2,  which 
had  been  stored  for  30  and  90  days,  in  concentrations  of  0.001,  0.01  and  0.1%, 
and  concentrated  solutions  of  agent  No  1  (1.5%)  and  No  2  (15%)  on  the  isolated 
frog  heart  (8-10  per  group).  Just  prior  to  the  experiment,  0.1%  solutions 
were  brought  to  pH  7  with  20%  NaHC03.  From  the  concentrated  solutions  we  also 
prepared  0.1%  solutions  at  pH  7.  The  results  were  processed  by  the  conventional 
methods  of  variation  statistics  for  small  samples  [3]. 

Results  and  Discussion 

In  concentrations  of  0.001%,  the  tested  agents  had  no  adverse  effect  on  the 
function  of  the  isolated  frog  heart.  According  to  the  data  illustrated  in  the 
Figure  [5],  0.01%  solutions  of  the  agents  depress  heart  function  with  statis¬ 
tical  reliability  (P<0.05).  Compounds  with  similar  chemical  structure.  No  1 
and  No  4,  No  2  and  No  3,  have  similar  toxicity.  In  this  concentration,  chlor¬ 
amine  B  has  no  adverse  effect  on  the  parameter  studied.  In  0.1%  solution, 
there  were  no  longer  any  differences  between  toxicity  of  all  the  agents  and 
chloramine  B.  It  should  be  noted  that  a  concentration  of  0.1%  also  had 
marked  bactericidal  and  preservative  effects. 

With  increase  in  concentration  of  solutions  of  the  tested  compounds,  medium 
acidity  increases  (pH  is  5,  4  and  3  with  0.001,  0.01  and  0.1%  solutions,  res¬ 
pectively).  The  pH  was  close  to  7  for  solutions  of  all  tested  concentrations 
of  chloramine  B.  In  order  to  rule  out  the  inf luence  of  pH  on  the  tested  para¬ 
meter,  the  0.01  and  0.1%  solutions  were  neutralized  with  sodium  hydrocarbonate. 
In  preliminary  experiments,  we  found  no  appreciable  effect  of  NaHC03  in  the 
quantities  used  on  function  of  the  isolated  frog  heart  (the  value  was  50. 9± 

4.9  min  in  the  experiment  and  60.113.8  min  in  the  control;  P>0.05).  The 
results  of  these  experiments  are  illustrated  in  the  Figure. 
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5)  agent  No 


After  eliminating  the  effect  of  medium  pH, 
contraction  time  of  the  isolated  frog 
heart  increased,  with  statistical  relia¬ 
bility  (P>0.05)  in  0.1  and  0.1%  solutions 
of  all  tested  agents,  with  the  exception 
of  No  3  in  a  concentration  of  0.1%.  The 
toxicity  of  halogen-containing  compounds 
increased  in  the  following  order: 

No  1  <  No  4  <  No  2  <  No  3.  This  pattern 
is  also  inherent  in  solutions  that  are 
not  neutralized.  In  a  concentration  of 
0.01%,  chloramine  B  is  similar  in  toxicity 
to  agents  No  1  and  No  4,  and  in  a  concentra¬ 
tion  of  0.1%,  to  compounds  No  2  and  No  3. 

Further  tests  were  made  of  the  two  agents 
that  had  been  studied  the  most  and  were 
the  most  promising  of  this  group  in  the 
microbiological  respect,  No  1  and  No  2. 


6)  chloramine  B 


We  can  conclude  the  following  from  the  data 
listed  in  Table  1.  According  to  the  classi¬ 
fication  of  toxic  substances  approved  by  the 
PKD  [expansion  unknown]  section  [4],  the 
tested  agents  are  referable  to  highly  toxic 
substances.  Agent  No  1  was  more  toxic, 

with  statistical  reliability  (P<0.001)  than  agent  No  2.  According  to  biological 
tests,  agent  No  2  is  more  resistant  to  changes  in  medium  reaction  in  the  alkaline 
direction  than  No  1  (and  the  activity  of  agent  No  2  diminishes  to  1/12,  that 
of  No  1,  to  1/35).  The  differences  in  values  is  also  statistically  reliable 
(PC0.001).  Studies  of  shelf  life  of  agent  No  1  in  different  concentrations, 
where  the  criterion  of  toxicity  was  LD50  for  mice,  revealed  that  in  concentrated 
solution  the  agent  remains  active  for  60  days  of  the  experiment.  When  stored 
in  a  concentration  of  0.25%,  it  gradually  loses  activity  (by  40%  on  the  7th  day 
and  100%  on  the  30th  day) .  This  is  indicative  of  stability  of  the  compound  in 
concentrated  solution  and  diminished  toxicity  in  diluted  solution. 


Table  1.  Parameters  of  acute  toxicity  of  chlorine-containing  compounds  [sic] 


Parameter  of  toxicity 

|  Agent  No  1  Agent  No  2 

pH  3  —  4  |  pH  7 

pH  3  —  4 

pH  7 

LD5p,  mg/kg 

Minimum  active  dosage,  mg/kg 
LD 100'  mg/kq 

Range  of  active  doses,  mg. kg 

15,6  1,1 
10,0 

25,0 

15,0 

560  4,8 
500,0 
700,0 
200,0 

23,0  1,2 
17,5 

35,0 

17,5 

176,7  12,2 
220,0 
280,0 
160,0 

Table  2  lists  the  results  of  experiments  with  storage  of  solutions  of  agents 
No  1  and  2,  in  which  contraction  time  of  the  isolated  frog  heart  served  as 
an  indicator  of  toxicity.  According  to  the  obtained  data,  both  agents  retain 
activity  for  90  days,  in  both  concentrated  solutions  and  in  a  concentration  of 
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0.1%.  In  low  concentrations  (0.001  and  0.01%),  agent  No  2  loses  its  activity 
by  the  30th  experimental  data.  Agent  No  1  is  more  stable  than  No  2  when 
stored  in  aqueous  solutions  at  pH  4-5.  The  shift  of  pH  to  7  in  0.1%  solution 
of  agent  No  1  leads  to  decline  of  activity,  and  comes  close  to  the  toxicity 
of  0.01%  solution.  The  solution  of  agent  No  2  retains  its  toxic  properties 
with  shift  of  pH  in  the  alkaline  direction,  in  accordance  with  increase  in 
its  concentration.  This  is  consistent  with  the  determinations  of  acute  toxi¬ 
city  expressed  as  LD50,  according  to  which  agent  No  2  is  more  resistant  to 
change  in  medium  reaction  in  the  alkaline  direction  than  agent  No  1. 

Table  2.  Effect  of  concentrations  and  storage  time  of  solutions  of  chlorine- 
containing  [sic]  compounds  on  contraction  time  of  isolated  frog 
heart  (min) 


Agent 

Storage  time 

Concentration (%)  and  j 

)H  of  stored  solutions 

0,01 
pH  5 

0,01 
pH  4 

0,  1 
pH  7 

concentrated 
solutions  (0.1% 
dilution) ,  pH  7 

No  1 

No  2 

Without  storage 

30  days 

90  days 

Without  storage 
30  days 

90  davs 

100,0±5,6 

I09,9±I0,5 

120, 9±  11,4 
107,0±5,9* 
107,8±5,0*» 
123,3±6,2 

78,0±4,1 

68,0±4,3 

42,6±5,3* 

88,8±7,7** 

77,8±7,8 

70,4±6,2 

85,4  ±6,7 

23,9±3,0* 

23,3±2,4* 

21 ,3±2,6* 

79,3±5,1 

81 ,7±5,8 

22,9±2,0* 

22,1  ±1 ,8* 

Note:  Contraction  time  103.8±6.6  min  in  the  control. 

The  pH  did  not  change  during  storage. 

*Statistically  reliable  difference  from  control  (P<0.05). 

^Statistically  reliable  difference  from  solution  without  storage  (P<0.05). 


On  the  basis  of  our  findings,  it  can  be  concluded  that  the  high  toxicity  of 
the  tested  compounds  is  determined  largely  by  the  low  pH  produced  when  they 
are  diluted.  In  the  case  of  a  neutral  medium  reaction,  substances  in  this 
group  can  be  classified  as  moderately  toxic.  Agents  No  1  and  No  2  stand  out 
because  of  their  high  stability  during  storage  in  the  form  of  concentrated 
solutions.  Agents  stored  in  low  concentrations  are  rapidly  inactivated. 

These  changes  in  toxic  properties  of  the  compounds  studied  can  be  taken  into 
consideration  when  using  them  in  WRS,  from  the  standpoint  of  improving  toxi¬ 
cological  safety  in  the  case  of  penetration  of  microquantities  of  preservative 
of  the  base  product  into  potable  recycled  water.  The  obtained  data  should  also 
be  borne  in  mind  in  determining  the  conditions  for  use  of  halogen-containing 
agents  of  the  oxidant  group  as  preservatives  in  systems  requiring  long-term 
storage  of  urine. 
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[English  abstract  from  source]  Among  the  physicochemical  methods 
used  to  measure  ion  hydration  in  water  solution,  the  most  in¬ 
formative  are  those  employed  to  evaluate  the  energetic  state  of 
the  water  molecule  (swelling  heat,  gelatination,  UV-spectro- 
photometry) .  These  data  may  yield  information  about  the  water 
structure  to  be  used  in  estimating  the  quality  of  potable  water 
of  different  origin.  IR-spectrophotometry  and  x-ray  diffraction 
analysis  are  of  lower  inf ormativity .  A  certain  correlation  has 
been  found  between  the  structure  and  biological  action  of  water. 

[Text]  Fluid  intake  is  one  of  the  basic  functions  of  the  human  body.  Man's 
exploration  of  deep  seas  and  space  would  be  impossible  without  solving  the 
problem  of  obtaining  a  good  quality  of  water.  GOST  2874-73,  "Potable  Water," 
is  the  criterion  of  water  quality;  according  to  it,  "the  composition  and  pro¬ 
perties  of  water  ...  must  assure  its  epidemiological  safety,  harmlessness  of 
chemical  composition  and  good  organoleptic  properties."  However,  the  proper¬ 
ties  of  water,  like  those  of  any  other  substances,  are  not  determined  only 
by  chemical  composition,  but  also  by  structure.  At  the  same  time,  the  structure 
of  water  is  virtually  not  considered  when  setting  standards  of  its  quality. 

This  is  probably  related  to  the  absence  of  clear  enough  theory  and  adequate 
investigative  methods. 

Previously,  the  water  in  the  body  was  considered  as  a  more  or  less  neutral 
medium  filling  the  space  between  structural  elements  of  the  cell.  In  actuality, 
water  constitutes  a  unified  system  with  structural  elements,  in  which  electron 
excited  states  are  possible.  The  physiological  properties  of  animal  and  plant 
cells,  as  well  as  microorganisms,  under  normal  and  pathological  conditions, 
their  resistance  to  various  factors  also  depend  significantly  on  the  quantity 
and  state  of  biological  water  [4,  6,  11,  12].  At  present,  it  is  believed 
that  the  structure  and  state  of  protoplasm  are  determined  not  only  by  its 
high  polymer  (colloid)  components,  but  water  contained  in  it,  which  forms 
an  integral  system  with  the  above-mentioned  components  [14]. 
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The  question  of  the  condition  of  water  in  living  tissues  is  presently  one  of 
the  basic  problems  of  biology.  Approaches  to  solving  such  important  problems 
of  physiology  as  transport  of  matter  in  cells,  transfer  of  energy,  etc.,  depend 
on  the  state  of  water  in  tissues. 

Proteins,  nucleic  acids  and  nucleoproteins  constitute  an  integral  system  with 
water,  which  cannot  be  separated  into  components.  One  must  take  into  consider¬ 
ation  the  special,  unique  properties  of  water  [7,  18]. 

The  physicochemical  aspect  of  water  structure  has  been  studied  in  several  works 
[9,  13,  16,  18].  However,  there  are  still  no  conventional  theoretical  valida¬ 
tions.  Regardless  of  the  scheme  of  water  structure  that  is  taken  as  the  basis, 
even  now  it  can  be  stated  with  certainty  that  water  consists  of  at  least  two 
structural  modifications,  open  (on  the  order  of  the  shell  of  ice  or  a  cluster) 
and  densely  packed  areas,  which  depend  on  the  distinctions  of  hydrogen  bonds. 

The  energy  and  hydrogen  bonds  will  determine  its  biological  activity  [2,  8,  16] 

With  respect  to  hygiene,  the  change  in  water  structure  under  the  influence  of 
ions  is  of  special  interest.  The  effect  on  water  structure  of  a  small  ion  that 
is  inscribed  in  the  openwork  structure  of  a  water  molecule  and  of  a  large  one 
that  is  not  inscribed  in  it  will  be  different.  The  magnitude  and  sign  of  ion 
charge  have  a  strong  effect  on  water  structure.  Its  electrostatic  field  will 
strive  to  orient  the  dipoles  of  the  water  molecule  radially  near  it.  At  the 
same  time,  as  it  redistributes  charges  in  the  water  molecules  themselves,  the 
ion  will  enhance  their  H  bonds  with  adjacent  molecules,  thereby  stabilizing 
the  ordered  structure  [9].  The  energy  of  hydration  of  ion  solutions  depends  on 
the  size  of  the  charge  and  nature  of  ions.  Such  biologically  important  ions  as 
Li+,  Na+,  Cu2+,  Mg2+,  Ba2+,  Mo2+,  Al3+,  slow  down  the  mobility  of  water  jnole- 
cules,  i.e.,  they  are  positively  hydrated.  K  ,  NH4,  Rb2+,  Cs+,  Cl  ,  Br  and  I 
ions  increase  molecular  mobility,  i.e.,  they  are  negatively  hydrated.  The  ions 
cause  substantial  structural  disturbances  in  water  molecules. 

In  turn,  due  to  short-acting  forces  of  interaction  (water-water),  water  has  a 
strong  effect  on  the  properties  of  ions.  This  applies  in  particularly  to  very 
diluted  solutions,  which  is  often  the  case  in  biological  systems.  Formation  of 
bonds  between  water  molecules  reduces  ion  hydration  and,  conversely,  dissocia¬ 
tion  of  bonds  (water-water)  leads  to  intensification  of  ion  hydration.  As  for 
long-acting  forces,  there  is  a  hypothesis  to  the  effect  that  impairment  of 
the  close  order  of  water  molecules  in  the  area  of  short-acting  forces  is  trans¬ 
mitted  through  the  system  of  hydrogen  bonds  over  the  entire  mass  of  water  [3, 
15].  There  is  information  to  the  effect  that  a  change  in  macromolecular  hydra¬ 
tion  under  the  influence  of  stabilization  or  destruction  of  structure  of  the 
water  molecule  is  very  important  to  biological  processes  [10] . 

Some  authors  [1,  2]  view  structural  distinctions  of  water  in  tissues  as  the 
cause  of  high  mobility  of  electrons,  protons  or  atoms  of  hydrogen  in  biological 
systems.  The  structure  of  water,  which  controls  proton  activity  on  the  mem¬ 
brane,  has  some  influence  on  its  permeability.  In  this  case,  water  plays  the 
part  of  a  line  of  communication  through  which  the  mechanism  of  distant  action 
is  effected.  It  may  be  involved  in  controlling  the  size  of  hydrophil  pores, 
in  transport  of  electrons  and  protons  and  in  metabolic  processes  [8]. 
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We  were  impressed  by  the  fact  that  ions  with  different  signs  of  hydration 
are  antagonists  in  many  metabolic  processes  and  have  different  capacities 
for  penetrating  cell  membranes.  The  different  hydration  of  Na+  (+  hydration) 
and  K+  (-  hydration)  plays  a  definite  part  in  the  biological  specificity  of 
their  action.  Thus,  different  rates  of  diffusion  of  sodium  and  potassium 
through  cell  membranes  are  attributed  to  difference  in  hydration  [14],  The 
distribution  of  calcium  in  muscle  fibers  is  similar  to  the  distribution  of 
sodium  with  respect  to  several  features.  In  many  enzymatic  processes, 
potassium  is  an  antagonist,  not  only  of  sodium,  but  calcium,  magnesium,  lithium 
and  zinc. 

One  of  the  conditions  for  life  support  and  preservation  of  human  work  capacity, 
in  space  also,  is  availability  of  a  sufficient  amount  of  good  potable  water. 

Modern  methods  of  recycling  water  from  liquid-containing  products  make  it  pos¬ 
sible  to  recover  potable  water  of  a  rather  high  quality.  Purified  and  treated 
water  samples  conform  to  the  standards  imposed  for  potable  water  in  water-supply 
systems  with  respect  to  chemical  composition  and  bacteriological  parameters. 

At  the  same  time,  we  still  cannot  clearly  determine  what  regenerated  water  is, 
how  it  differs  from  natural  water  and  what  the  significance  this  has  to 
consumers.  The  nature  of  ion  hydration  and  structure  of  the  water  molecule 
are  not  considered  anywhere.  For  this  reason,  we  tried  to  assess  the  molecular 
structure  of  5  samples  of  recycled  water  recovered  with  use  of  ion-exchange 
resins  (KU-2-12  nr,  AV-17-HC03,  PAU,  MP-16  and  SP-6c,  examples  Nos  1-5, 
respectively)  [5,  17]. 

Results  and  Discussion 

The  water  conformed  in  quality  to  GOST  specifications  (Table  1).  Viscosity 
of  water  as  related  to  its  quality  does  not  change  appreciably,  as  can  be  seen 
in  Table  2.  Electric  conductivity  of  the  tested  samples  of  tap  water  was  con¬ 
siderably  higher  than  distilled  water.  As  we  know,  the  latter  depends  largely 
on  electrolyte  concentration  in  the  solution. 

The  structure  of  water  and  degree  of  ion  hydration  are  closely  interrelated. 
Hydration  effects  compensate  for  the  energy  of  dissociation  of  the  crystal 
lattice  and  often  are  greater  than  this  energy.  Thermodynamic  parameters 
serve  as  the  quantitative  gague  of  such  effects.  They  are  particularly  con¬ 
venient  for  quantitative  description  of  hydration. 

As  can  be  seen  in  Table  2,  the  thermal  effect  with  swelling  of  starch  was  33% 
greater  for  tap  water  than  distilled  water.  More  significant  fluctuations 
were  observed  in  temperature  of  swelling  of  the  samples  of  recycled  water. 

The  maximum  effect  was  elicited  by  samples  Nos  3  and  4,  where  the  temperature 
rose  by  188.8  and  211.1%,  respectively,  as  compared  to  the  base  value.  There 
was  a  less  marked  thermal  effect  in  samples  No  1  and  5  and  the  lowest  in  No  2. 

Gelatinization,  which  is  related  to  solvation  of  macromolecules  that  form  the 
shell  of  the  polymer  when  molecules  of  liquid  penetrate  into  it,  is  also  an 
indicator  of  swelling.  According  to  weight  and  volume  parameters,  maximum 
water  absoprtion  by  gelatin  was  noted  when  testing  water  samples  No  3  and  4. 
Absorption  in  sample  No  2  was  the  same  as  in  tap  water. 
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Table  1.  Physicochemical  composition  of  recycled  and  tap  water 


Parameter 

i  Recycled  water 

Tap 

water 

Ni  1 

Wc  2 

|  Kt  3 

.No  4 

K°.  5 

Odor,  grade 

Transparency ,  cm 
pH 

Color 

Chlorides,  mg/Z 

Alkali,  mg/Z 

Sulfates , ,mg/£ 

Nitrite  nitrogen,  mg/Z 

Nitrate  nitrogen,  mg/£ 

Ammonia  nitrogen,  mg/x  . 

Total  hardness,  mg-eq/2. 

Calcium,  mg/£ 

Magnesium,  mg/Z 

Sodium,  mg /Z 

Potassium,  mg/Z  . 

Phosphorus ,. mg/Z  /0 

KhPKl expansion  unknown] ,  mg  02/Z  ! 

Permanganate  oxidizability,  mg  0 2/A 

Dry  residue,  mg/Z 

Silver,  mg/Z  ; 

0 

30 

7,7 

C/1 

4,2 

36.6 
10,4 

0 

0 

0,1 

0,8 

10,0 

3.6 

1.6 
1,6 

0,01 

11.7 

4.7 
67,0 

2,0 

0 

30 

8.05 

o/l 

4.2 
48,8 
38,6 

Traces 

0 

0 

1,6 

22,0 

6,0 

3.2 
0,6 

0,01 

10.2 

4.5 
149,0 

1.6 

0 

30 

7.9 
c/1 

4.2 
61,0 
24,8 

0 

0 

0 

1.7 
18,0 

7.3 

1.9 
0,6 

0,01 

9.8 

3.9 
144,0 

2.4 

0 

30 

7,82 

c/1 

3,5 

54,9 

62,4 

0 

0 

0 

2,1 

18,0 

2.4 

2.5 
0,4 
0,01 
8,9 
3,4 

80,0 

2,2 

0 

30 

7, 15 
c/1 

4.2 
36,6 
88,8 

0 

0 

0 

2.3 
24,0 
13,4 

1,1 

0,5 

0,02 

8,6 

3.4 
150,0 

0,5 

0 

30 

cji 

33.5 

408,7 

37,6 

0 

0,2 

0,8 

7.6 
112,0 

24,0 

29,5 

3.6 

0,01 

1.6 

657.5 

0 

Key:  c/1)  colorless 

Table  2. 

Characteristics  of  some  physical  para¬ 
meters  of  different  water  samples 


Examination  of  absorption  spectra 
in  the  UV  [ultraviolet]  region, 
which  was  made  using  an  SF-4A 
spectrophotometer,  indicates  that 
the  examined  water  samples  differed 
considerably  from  tap  water.  The 
samples  of  recycled  water  had 
minimal  extinction,  particularly 
Nos  3  and  4,  as  compared  to  tap 
water  (see  Figure) .  This  pattern 
was  demonstrable  to  the  end  of  the 
experiment.  Extinction  of  tap 
water  at  a  wavelength  of  234  nm  con¬ 
stituted  0.225,  whereas  that  of 
the  tested  samples  did  not  exceed 
0.09.  Samples  Nos  3  and  4  had  the 
lowest  extinction.  At  a  wavelength 
of  330  nm,  extinction  of  all 
water  samples,  including  tap  water, 
was  in  the  range  of  0.02-0.035. 


Fresh  human  urine,  distilled  and  tap  water,  urine  condensate  and  water  re¬ 
cycled  in  new  technological  systems  were  submitted  after  purification  to  x-ray 
analysis  on  a  GUR-5  unit.  As  shown  by  the  results  of  analysis  of  x-rays 
(regardless  of  type  of  liquid  analyzed),  there  are  no  differences  in  the 
roentgenological  structure  of  molecules.  This  means  that  dissolution  of  salts 
(i.e.,  level  of  mineralization)  also  has  no  noticeable  effect  on 
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roentgenological  structure  of  water.  Evidently,  there  are  no  differences  in 
position  of  hydrogen  and  oxygen  atoms  in  the  tested  water  samples.  At  the  same 
time,  it  can  be  assumed  that  the  absence  of  differences  is  attributable  to  the 
inadequate  informativeness  of  the  method  used. 


E 


Absorption  (extinction)  coefficients  of  recycled  and  tap  water 
1)  tape  water  2-6)  samples  No  1-5  of  recycled  water 


We  examined  the  IK  [infrared]  absorption  spectra  of  the  above-mentioned  water 
samples  using  an  IR-20  instrument.  The  results  revealed  that  the  chemical 
composition  of  water  has  an  insignificant  effect  on  intensity  of  absorption 
bands.  Changes  in  libration  oscillations  of  water,  demonstrated  in  the  region 
of  600  cm-1,  occur  as  a  result  of  impairment  of  the  structure  of  water  proper 
due  to  incorporation  in  its  shell  of  atoms  of  molecules  of  dissolved  matter. 

Our  findings  do  not  enable  us  to  definitively  solve  the  problem  set  forth,  but 
at  the  same  time  they  indicate  that  there  are  differences  in  the  molecular 
structure  of  different  samples  of  recycled  potable  water. 

Thus,  the  condition  of  water,  according  to  parameters  of  heat  of  swelling, 
gelatinization  and  absorption  spectra  can  yield  some  information  about  its 
energy  state  and  be  relevant  to  evaluation  of  quality  of  potable  water  of 
different  origins. 

On  the  basis  of  the  foregoing,  it  can  be  assumed  that  the  state  of  ion  hydra¬ 
tion  in  aqueous  solutions  must  be  taken  into  consideration  when  certifying  re¬ 
cycled  water.  The  temperature  and  extent  of  swelling  of  the  polymer,  as  well 
as  spectrophotometry  in  the  UV  range  can  be  used  as  indirect  methods  of 
assessing  the  quality  of  potable  water. 
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[Article  by  0.  A.  Smirnova] 

[English  abstract  from  source]  A  model  of  time-course  varia¬ 
tions  of  granulocytopoiesis  which  is  a  system  of  three  nonlinear 
differential  equations  has  been  developed.  The  model  describes 
the  basic  stages  of  granulocyte  development  and  includes  the 
chalone  mechanism  regulating  the  proliferation  of  granulocyte 
precursors  in  bone  marrow.  Theoretical  investigations  applying 
the  vibration  theory  and  computer-aided  calculations  have  shown 
that  the  model  presents  aperiodic  and  vibrational  kinetics  of 
reduction  processes  in  the  system  of  granulocytopoiesis,  as  well 
as  steady-state  vibrations  of  concentrations  of  mature  granulo¬ 
cytes  and  their  precursors  (limiting  cycles) .  The  variations  of 
the  model  parameters  within  which  the  above  dynamic  modes  occur 
have  been  identified.  The  conditions  under  which  the  limiting 
cycles  arise  have  been  examined.  The  fact  that  the  model  simul¬ 
ates  various  experimentally  observed  situations  suggests  that  it 
can  be  used  to  predict  changes  in  granulocytopoiesis  induced  by 
adverse  effects  responsible  for  hemopoietic  abnormalities. 

[Text]  Investigation  of  the  dynamics  of  hemopoiesis,  laws  for  its  control 
and  evaluation  of  reserve  capacities  of  compensatory  mechanisms  of  the  hemo¬ 
poietic  system  are  very  important  to  space  biology  and  medicine.  At  the  pres¬ 
ent  time,  much  experimental  material  has  been  accumulated  on  these  questions 
and  there  have  been  some  important  theoretical  generalizations.  For  this 
reason,  it  has  become  necessary  to  use  methods  of  mathematical  modeling  to 
process  and  analyze  experimental  data  and  to  verify  existing  hypotheses  and 
theories  on  a  strictly  quantitative  level.  Such  studies  have  been  made  by 
G.  I.  Marchuk  who  developed  models  of  all  hemopoietic  precursor  elements  [2], 

A.  Ya.  Monichev  and  M.  M.  Cherenkov  who  used  methods  of  mathematical  modeling 
for  analysis  of  mechanisms  of  regulating  bone  marrow  hemopoietic  tissue  [3], 

V.  G.  Tyazhelova  whose  work  deals  with  models  of  postradiation  recovery  of 
hemopoiesis  [6],  V.  V.  Verigo  and  T.  M.  Smirnova  who  proposed  a  model  of  a 
population  of  erythrocytes  circulating  in  blood  with  consideration  of  the  age 
structure  of  these  cells  [3],  as  well  as  several  foreign  authors  [8,  10]. 


Ill 


Our  objective  here  was  to  build  a  new  model  of  dynamics  of  granulocytopoiesis 
and  investigate  the  possibility  of  using  it  to  describe,  in  addition  to 
the  usual  dynamic  modes,  the  most  interesting  experimentally  observed  pheno¬ 
menon — stable  fluctuations  of  granulocyte  concentration  in  blood  of  healthy 
mammals  [9]. 

Granulocytes  are  referable  to  white  blood  cells,  leukocytes.  The  bone  marrow 
stem  cells  are  the  precursors  of  granulocytes.  Under  the  influence  of  a  speci¬ 
fic  hormone  stem  cells  are  transformed  into  semistem,  unipotent  cells.  The 
latter  are  capable  of  multiplying  and,  concurrently,  differentiating  in  the 
direction  of  mature  granulocytes,  undergoing  stages  of  myeloblasts,  promyelo¬ 
cytes  and  myelocytes.  There  is  a  specific  inhibitor  of  cell  division,  granulo¬ 
cytic  chalone,  which  controls  the  rate  of  reproduction  of  these  cells.  It  is 
believed  that  chalone  is  the  product  of  vital  functions  and  breakdown  of  this 
class  of  cells  in  and  out  of  the  bone  marrow  [4].  The  next  stage  of  granulo¬ 
cyte  development  in  bone  marrow  is  their  maturation  without  division  (meta¬ 
myelocyte  stage).  For  some  time  the  mature  cells  remain  in  the  bone  marrow, 
creating  the  so-called  bone-marrow  reservoir,  and  then  they  migrate  into  blood. 
There  is  an  inverse  relationship  between  the  rate  of  migration  of  granulocytes 
from  bone  marrow  and  the  number  of  such  cells  on  the  periphery:  the  fewer  cells 
there  are,  the  faster  the  rate.  The  bone-marrow  reservoir  provides  for  rapid 
compensation  of  a  cell  shortage  on  the  periphery.  Granulocytes  migrate  from 
blood  into  tissues.  Tissue  granulocytes  do  not  circulate,  and  this  phase  of 
their  life  is  the  last. 

Let  us  form  three  groups  of  granulocyte  class  cells  at  different  stages  of  their 
development.  Let  X  be  used  to  designate  cells  from  the  semi-stem  to  dividing 
myelocyte,  Y— metamyelocytes  and  mature  granulocytes  of  the  "bone-marrow 
reservoir,"  Z — mature  granulocytes  outside  the  bone  marrow.  We  shall  use 
concentrations  of  X,  Y  and  Z  cells  (x,  y  and  z,  respectively),  as  well  as  the 
concentration  of  specific  chalone  I,  as  variables  in  the  model.  The  dynamics 
of  changes  in  x,  y,  z  and  I  can  be  described  by  the  following  differential  equa 
tions,  in  accordance  with  the  above-described  conceptions. 


-jf  ~  r|  +  g*  —  Y*  —  1**  ,  (X) 

dl)  r- 

-JT  —  yx  —  Fy  —  lyy ,  (2) 

dz 

-W^Fy-^z,  (3) 

=  G  (x  +  0,tH- 02z)  —  H'I<  (4) 


where  n  is  velocity  of  influx  of  cells  from  the  stem  group,  Y  is  specific  rate 
of  change  of  X  cells  into  Y,  A*  and  Ay  are  specific  death  rates  of  A  and  Y 
cells  due  to  random  causes,  (1/lW  is  mean  life  span  of  granulocyte  Z  outside 
of  bone  marrow,  H  is  specific  rate  of  chalone  breakdown,  G,  G@i  and  G02  are 
specific  rates  of  chalone  production  by  X,  Y  and  Z  cells,  respectively. 
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Specific  rate  F  of  migration  of  granulocytes  into  the  blood  stream  is  given 
with  consideration  of  the  existence  of  the  bone-marrow  reservoir  in  the  form 
of  a  decreasing  function  of  concentration  z  (L>M) : 

F=  8(|-|- Mz*)/(]-|-i22),  (5) 


where  6,  M  and  L  are  constants.  Variable  (1/6)  equals  the  minimum  or  mandatory 
time  that  granulocytes  spend  in  the  maturation  and  reserve  (Y  phase)  pool, 
while  L/ (M6)  is  maximum  time  of  granulocyte  maturation  and  presence  in  the 
bone-marrow  reservoir. 

Specific  rate  u  of  X  cell  reproduction,  by  analogy  to  the  formulas  of  enzymatic 
kinetics  [8],  is  expressed  in  the  following  form: 


P  —  «/(l  4-  I/Ki), 


(6) 


where  Ki  is  a  constant  and  a  is  maximum  specific  rate  of  X  cell  division. 

System  (l)-(4)  can  be  simplified  if  we  consider  the  difference  in  intrinsic 
times  of  different  processes  that  are  described  by  it.  Thus,  the  results  of 
studies  dealing  with  isolation  and  use  of  hemopoiesis  inhibitors  revealed 
that  chalones  retain  their  activity  only  for  a  few  hours  [4].  Since  intrinsic 
times  of  differentiation  and  granulocyte  maturation  processes  in  bone  marrow 
and  their  life  span  outside  bone  marrow  constitute  several  days  for  mammals, 
let  us  consider  equation  (4)  "fast"  in  comparison  to  (l)-(3).  Then,  accord¬ 
ing  to  the  theorem  of  A.  N.  Tikhonov  [5],  equation  (4)  can  be  replaced  with 
its  permanent  solution,  I  =  G(x  +  ©i y  +  ©2s)/H.  Hence: 

|i  =  a/|  I  !  fW*  -;  0,i/ -i  02z)|, 

P  =  G/(H-Ki).  K) 

The  share  of  all  stem  cells  constitutes  ~10-5of  total  bone  marrow  karyocytes, 
whereas  the  share  of  X  cells  (myeloblasts,  promyelocytes,  myelocytes)  equals 
~10_1  [ 7 ] .  Parameter  u  is  about  1  day-1  [4].  Consequently  r|« Ux  and,  in  the 
first  approximation  we  can  disregard  term  ti  in  equation  (1)  (n  =  0) .  Thus, 
the  necessity  of  describing  complex  mechanisms,  which  are  still  unclear  in 
many  respects,  of  controlling  differentiation  and  self-support  of  stem  cells 
is  eliminated.  Experimental  data  indicate  that  the  share  of  bone  marrow 
cells  that  perish  due  to  random  causes  is  extremely  small  [4].  For  this 
reason,  in  the  first  approximation  Ax  =  Ay  =  0. 

In  order  to  define  the  coordinates  of  special  points,  the  right  parts  of 
equations  (l)-(3)  are  equated  to  zero.  The  obtained  algebraic  equations  are 
solved  for  x,  y  and  z.  As  shown  by  calculations,  system  (l)-(3)  has  two 
special  points;  the  first  is  trivial  (zero)  and  coordinate  z  of  the  second 
special  point  is  found  by  solving  the  following  equation: 

P  {i\ w/t  !-  0,ij)z (l  -{-  Z.?-)/|6  (|  +  Afz=)l  -|-  (g) 

-I-  02z}  a/7  —  1 
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The  two  other  coordinates,  x  and  y,  are  related  to  z  as  follows: 


x  =  ifz/y,  y  —  0  +  iz2)/[6  (l  +  Mz2)]  • 


(9) 


According  to  equations  (8)  and  (9) ,  the  coordinates  of  the  second  special 
point,  jc,  y  and  z,  are  positive,  i.e.,  the  second  special  point  is  in  the 
positive  octant  if  Ot>y.  In  this  case,  we  equate  the  state  of  system  ( 1 ) — ( 3 ) 
in  the  second  special  point  to  the  "normal"  state  of  granulocytopoiesis .  Thus, 
equations  (8)  and  (9)  specify  the  relationship  between  concentrations  of 
X,  Y,  Z  cells  under  "normal"  conditions  and  dynamic  characteristics  of  granulo¬ 
cytopoiesis  . 

Let  us  introduce  dimensionless  variables  x  =  x/x,  y  =  yfy,  z  =  s/2_>^T  =  an^ 
dimensionless  parameters  a  =  a/y,  g  =  6/y,  e  =  ijj/y,  1  =  ,  m  =  Ms  ,  b  -  $x 

(a  -  1)/{1  +  0i  (1  +  l)/[g(l+m )]  +  02/e}. 


Then  equations  (1—3)  will  assume  the  following  appearance. 

die  ~| _ a 

~dY  =  x  ii  .l  i,  [x 0,  (l  1- /)>:”* 

_ _ 2 _ 

>  //!<;(!  I  -  »0)  +  02z/c]  I  ’ 

rfi/  /  1-1  -m  ~  1  +  mz- 

1FT  =  e  (  1  •  !  ■  /  *  —  l  +  /+  y  j  ’ 

dz  _  (I  -1-  /)  (l  +  mz5)  ~ 

+  *~C  (I  in)  (l  -|-  I?) 


(10) 

(ID 

(12) 


The  coordinates  of  special  points  of  system  (10)-(12)  equal  (0,0,0)  and  (1,1,1) 
The  condition  for  presence  of  the  second  special  point  in  the  positive  octant 
is  a>l.  Studies  of  system  (10)-(12)  by  methods  of  vibration  theory  [1]  re¬ 
vealed  that  the  trivial  special  point  is  either  a  stable  element  (a<l) ,  or 
a  saddle  (a>l) .  With  a>l  the  second  special  point  in  the  positive  octant, 
is  unstable  (saddle  focus),  if  the  parameters  of  the  equations  are  satisfied 

by  inequalities:  Q2  >  max  {0,  3- (1/9) X 

x  1(9  +  s)5  3-  2  . 

0,-1- (1/9)  [~AS- 1- 

+  ]/"  A  2 —  4  A,  A3]/(2y4|')j, 

A,  >  0 

I  —  /?a  (1  3-0 Jq-{-Q2lc)  <1/o<l  — 

—  B,(l+0,/f  +  02/c), 

where  9  =g 0  +  "0/0  +  0,  *  =  c  (2  (/ -m)/[(l  3-  (15) 

+  00+'")) 3-1).  Aj  =  l-(9  +  s), 

A2=  —  {(9+O2  +  )c9  +  0i(c  +  9)]X 
X[2  (9  +  s)  —  1]), 

A3  =  —  {(9  +  s)2  fc9  +  0,  (c  +  9))  + 

3-  (9  -1-  0  [<+  +  0j  (c  3-  9))2  +  W  (9  +  *  +  °i)))  • 

B1.2  =  {  -  f(9  +  s)2  -  9  (0,  -  00 )  +■ 

±  V  [(q  +  s)5  -  9  (0,  -  e,)]5  -  icq  (9  3-  S)X~ 

"x(9+s  +  0j)}/(2  (9  +  s  3-  0i)]. 


(13) 

(14) 
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The  physical  sense  of  these  equations  consists  of  the  following.  The  second 
special  point  loses  stability  if  control  of  X  cell  reproduction  is  determined 
primarily  by  the  inhibitor  produced  by  Z  cells  [see  equation  (13)],  maximum 
specific  rate  of  reproduction  of  X  cells  is  within  certain  limits  determined 
by  (15),  while  the  time  cells  spend  in  the  Y  pool  is  long  [see  (14)].  In 
complying  with  (13)-(15),  system  (10)-(12)  has,  in  addition  to  unstable 
special  points  (0,0,0)  and  (1,1,1),  another  special  solution — a  stable 
maximum  cycle  (stable  fluctuations  in  values  of  variables  x,  y,  z)  .  The 

Figure  illustrates  projections  on  the 
phase  plane  yz  of  integral  curves 
that  converge  toward  the  maximum  cycle. 

This  is  the  result  of  computing  equations 
(10)-(13)  on  a  computer.  The  values  of 
parameters  a,  g,  c,  m  and  1  were  determined 
from  data  in  the  literature  concerning 
granulocytopoiesis  in  man  [4].  The  values 
of  unknown  coefficients  ©i  and  ©2  were 
chosen  in  accordance  with  equations  (13 ) — 
(15).  The  period  (T  =  51  days)  and 
amplitude  (Az  =  0.425)  of  fluctuation  of 
granulocytopoiesis  coincide  in  order  of 
magnitude  with  the  corresponding  charac¬ 
teristics  of  fluctuations  in  concentration 
of  blood  granulocytes  in  healthy  people  [9]. 


Phase  portrait  of  system  (10)-(12) 
equations 

Results  of  calculation  on  a  com¬ 
puter  of  the  system  of  equations 
with  parameters  a  =  4.8,  g  =  0.4, 
c  =  0.2,  m  =  0.33,  1  =  1.12, 

01  =  0.5,  02  =  10  and  base  data 
5(0)  =  2,  y (0)  =  2,  5(0)  «  2, 
and  5(0)  =  2.196,  y(0)  =  2.048, 
5(0)  =  1.245.  X-axis,  dimension¬ 
less  concentration  of  Z(z)  cells; 
y-axis,  dimensionless  concentra¬ 
tion  of  Y(y)  cells.  Arrowheads 
show  direction  of  movement  of 
representative  point  over  integ¬ 
ral  curves.  Closed  curve  is 
projection  of  maximum  cycle 
on  phase  plane  yz. 


With  impairment  of  at  least  one  of 
the  conditions  of  (13) -(15)  the  maximum 
cycle  disappears,  while  special  point 
(1,1,1)  becomes  either  a  stable  element 
or  stable  focus.  With  deviations  of 
variables  5,  y  and  5  from  this  point,  the 
dynamic  curves  return  to  it  either 
aperiodically  or  with  fluctuations. 
Equations  (13) -15)  give  the  bifurcation 
"subdiversity"  [typo  for  subset?]  in  the 
space  of  parameters  if  the  signs  of 
inequality  are  replaced  with  equal  signs. 

Thus,  a  model  has  been  developed  of  the 
dynamics  of  granulocytopoiesis  which  con¬ 
sists  of  a  system  of  three  nonlinear  dif¬ 
ferential  equations.  It  reflects  the  main 
stages  of  development  of  cells  of  the 
granulocyte  class  and  takes  into  consider¬ 


ation  the  chalone  mechanism  of  control  of 


reproduction  of  precursors  of  granulocytes  in  bone  marrow.  Studies  by  methods 
of  fluctuation  theory  and  mathematical  calculations  on  a  computer  revealed 
that  the  model  describes  aperiodic  and  fluctuating  kinetics  of  recovery  processes 
in  the  system  of  granulocytopoiesis,  as  well  as  stable  fluctuations  of  concen¬ 
trations  of  mature  granulocytes  and  their  precursors  (maximum  cycles).  We  have 
found  the  ranges  of  change  in  model  parameters,  with  which  the  above-mentioned 
dynamic  modes  are  observed.  The  conditions  for  appearance  of  maximum  [limiting] 
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cycles  are  interpreted.  The  model’s  simulation  of  the  diversity  of  experi¬ 
mentally  observed  situations  is  indicative  of  the  feasibility  of  using  it 
for  predicting  the  dynamics  of  mammalian  granulocytopoiesis  with  exposure  to 
deleterious  factors  that  induce  deviations  from  normal  in  the  hemopoietic 
system. 
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METHODS  FOR  MEASURING  EXTERNAL  RESPIRATION  AND  GAS  EXCHANGE  PARAMETERS  OF 
MACACA  RHESUS  MONKEYS 

Moscow  KOSMICHESKAYA  BIOLOGIYA  I  AVIAKOSMICHESKAYA  MEDITSINA  in  Russian  Vol  19, 
No  1,  Jan-Feb  85  (manuscript  received  8  Sep  83)  pp  80-82 

[Article  by  V.  I.  Korol’kov,  Ye.  P.  Gora  and  A.  Ye.  Severin] 

[Text]  With  the  development  of  cosmonautics,  it  is  becoming  promising  to  use 
primates,  which  are  biological  objects  that  are  phylogenetically  the  closest 
to  man,  for  investigation  of  the  effects  of  flight  factors  on  physiological 
functions. 

Changes  in  exchange  of  gases  and  energy  metabolism  serve  as  an  important  indi¬ 
cator  of  dynamics  of  metabolism.  Heretofore,  primates  were  used  for  investiga¬ 
tion  of  changes  in  respiratory  function  under  various  conditions:  under  the 
effect  of  x-radiation,  toxic  gases,  smoking,  allergy,  asthma,  etc.  [5-7,  10-12]. 
But  as  yet  no  convenient  and  labor-efficient  methods  have  been  developed  for 
studying  external  respiration  parameters  in  lower  monkeys. 


Our  objective  here  was  to  compare  different  methods  of  measuring  parameters  of 
external  respiration  and  gas  exchange  in  the  Macaca  rhesus  under  normal  condi¬ 
tions  and  anesthesia. 

Methods 

This  study  was  conducted  on  10  male  Macaca  rhesus  monkeys  2-3  years  old  weighing 
4. 6-6.4  kg.  In  the  first  series  of  experiments,  we  examined  the  parameters  of 
external  respiration  and  gas  exchange  on  10  waking  monkeys  by  the  closed 
chamber  and  mask  methods.  In  the  former  case,  fasting  monkeys  were  put  in  a 
sealed  chamber  made  of  plexiglas  0.051  m3  in  size.  A  fan  was  installed  in  the 
ceiling  of  the  chamber  to  circulate  air.  The  input  and  outlet  were  connected 
to  a  Corning  model  165  gas  analyzer,  which  enabled  us  to  continuously  monitor 
changes  in  gas  composition  in  the  chamber.  The  closed  chamber  method  enabled 
us  to  determine  the  following  parameters:  02  uptake,  C02  output,  respiratory 
quotient  (RQ)  and  energy  expenditure.  With  the  mask  method,  the  fasting 
monkey  was  immobilized  on  a  wooden  support  in  supine  position.  It  breathed 
in  a  Douglas  bag  for  15  min,  through  the  breathing  mask  with  valves  inserted 
in  it.  The  mask  was  attached  to  the  animal’s  head  with  rubber  straps  and 
heald  with  the  hand  to  assure  a  tight  seal.  The  gas  composition  of  exhaled  air 
was  determined  with  the  Corning  gas  analyzer.  Pulmonary  ventilation  was 
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measured  using  a  GSB-400  wet-gas  meter.  The  mask  method  enabled  us  to  determine 
minute  volume  (MV),  normal  tidal  volume  (NTV) ,  respiration  rate  (RR) ,  02  uptake, 
C02  output,  RQ  and  energy  expenditure. 

In  the  second  series  of  experiments,  external  respiration  and  gas  exchange  were 
tested  by  intubation  and  mask  methods  on  5  monkeys  that  were  anesthetized.  Be 
fore  starting  the  experiment,  the  animal  was  given  0.2  g  thiopental  sodium 
intravenously.  Absence  of  corneal  reflex  served  as  a  criterion  of  depth  of 
anesthesia.  Intubation  was  performed  under  anesthesia,  and  the  endotracheal 
tube  was  connected  to  a  valve  box  that  was  connected  through  an  adapter  to 
the  Douglas  bag.  To  avoid  retraction  of  the  tongue,  the  monkey  was  immobilized 
on  the  wooden  support  lying  on  its  side.  Exhaled  air  was  collected  for  15  min, 
and  the  same  parameters  were  measured  as  with  the  mask  method.  After  remova 
of  the  intubation  tube,  the  monkey  was  tested  by  the  mask  method. 

Statistical  processing  of  the  data  consisted  of  determining  means  according  to 
Student.  Differences  were  considered  reliable  at  P<0.05. 

Results  and  Discussion 

Table  1  lists  the  parameters  of  external  respiration  and  gas  exchange  obtained 
on  waking  and  anesthetized  animals  using  different  methods. 

Table  1.  Parameters  of  external  respiration  and  gas  exchange  obtained  by 
different  methods  on  waking  and  anesthetized  Macaca  rhesus  (M±m) 


Parameter 

Background  (n=10)* 

Anesthesia  (n=5)**  . 

chamber 

mask 

chamber 

mask 

:  Normal  tidal  volume,  m& 
Respiration  rate  per  min 
'  Minute  volume,  m£/min 

O2  uptake,  mJh/min/kg 

CO,  output,  mJl/min/kg 

R(j 

Energy  expendit.,  kcal/kg/ 

day 

12,7+2,3 

1 1 ,9+2,0 

0,94+0,00 

90,7+14,4 

40,4  +  19,5 
34,0+1,5 
1363,5+ 198,0 
10,1+3,9 

7,4 +3,3 
0,73  +  0,5 
08,7+27,4 

22,1+0,7 

20,0+7,5 

573,5+151,0 

7, 3+ 1,4 

4, 2+0, 9 
0,58+0,05 
47,4+9,0 

20,4+12,9 
30,0+0,0 
.012,0+390,0 
0,0+3, 4 

3, 5+2,0 
0,58+0,3 
39,3+27,0 

*Means  of  20  tests. 
**Means  of  5  tests. 


As  can  be  seen  in  Table  1,  when  using  the  closed  chamber  method  the  parameter 
of  gas  exchange  and  energy  metabolism  was  somewhat  higher  than  with  the  mas 
method.  Under  the  influence  of  anesthesia,  MV  decreased  by  a  mean  of  55.  %, 
normal  tidal  volume  by  49.5%,  02  uptake  by  40.4%,  C02  output  by  52.9%,  RQ  by 
20.5%  and  energy  expenditure  by  42.7%.  A  comparison  of  data  obtained  under 
anesthesia  by  the  intubation  and  mask  methods  failed  to  demonstrate  reliab  e 
differences  between  means. 

The  mask  method  is  one  of  the  earliest  methods  used  to  examine _  external  respira¬ 
tion  in  monkeys.  In  addition  to  parameters  of  gas  exchange,  it  permits  deter 
mination  of  parameters  of  pulmonary  ventilation.  The  stress  reaction  o 


animals  is  its  main  flaw.  Experience  has  shown  that  monkeys  do  not  get  used 
to  a  mask,  even  when  it  is  used  many  times  daily  in  experiments  [2],  Several 
authors  report  that  the  inhibitory  reflexes  of  monkeys  are  characterized  by 
great  instability  and  difficulty  in  development  [1],  It  should  be  noted  that 
the  "dead"  volume  of  the  mask,  regardless  of  its  construction,  causes  ventila- 
t ion  difficulties  m  monkeys,  which  have  a  relatively  small  tidal  volume. 

The  psychoemotional  reaction  of  animals  to  the  mask  is  attributable  to  this 
to  a  significant  extent.  The  results  of  our  studies  revealed  that  when  a  waking 
monkey  is  immobilized  on  a  support  or  primatological  chair  and  its  motor 
activity  is  restricted  the  parameters  of  external  respiration  and  gas  exchange 
correspond  to  normal  values  obtained  by  other  authors  on  waking  and  slightly 
anesthetized  Macaca  rhesus  monkeys  (Table  2). 

Table  2.  Parameters  of  Macaca  rhesus  external  respiration  and  gas  exchange 
according  to  data  of  different  authors 


Source 


Parameter 

Slonim  et 

Lees  et  al. 

— yip _ 

Keely  et  al . 

Liu  et  al. 

Our  studies 

al .  (n=l)  * 

[8]  (n=14; 

(n=21 ;mean 

(n=9;  mean 

(n=10;  mean 

mean  wt.  5 . 8) 

wt. 4  .3  kg) 

wt.  5.1  kg) 

wt.  5.5  kg) 

Initial  respir.vol.,  m£ 

43,5+8,1 

27,7+6,9 

38,0+15,1 

40,4  +  19,5 

RR/min 

Minute  vol . ,  m£/min 

— 

42,7+7,0 

1791,0+300 

26,4+7,9 

709,0+207 

33,1+5,4 

1256,0+561 

34,0+1,5 

1363,5+198 

02  uptake,  m£/min 

43,2 

55,2+49,3 

— 

59,0+37,2 

56,1+23,8 

C02  output ,  m&/niin 

RQ 

Energy  expenditure, 

30,7 

0,70 

0,77+0,11 

— 

54,7 

0,78+0,54 

41,4+20,6 

0,73+0,05 

kcal/day 

— 

— 

380,2+160 

*Mean  data  of  11  tests. 


The  chamber  method  is  traditional  for  measuring  gas  exchange  in  primates  [3,  4]. 
Unfortunately,  it  does  not  permit  examination  of  external  respiration.  The 
relatively  higher  parameters  of  gas  exchange  and  energy  metabolism  that  we 
obtained  with  the  closed  chamber  method  apparently  reflect  the  greater  motor 
activity  of  the  monkeys  in  the  metabolic  chamber,  when  they  are  not  immobilized. 

The  intubation  method,  which  was  used  on  anesthetized  animals,  is  the  most 
precise  and  informative  for  comparative  studies  of  effects  of  different 
factors.  It  can  be  used  to  examine  respiratory  parameters  that  cannot  be 
measured  in  waking  monkeys.  For  this  reason,  the  method  has  gained  wide  use 
in  laboratory  practice  [9].  However,  it  must  be  noted  that  this  method  is 
quite  labor-consuming.  Another  negative  factor  is  that  respiratory  depression 
occurs  under  the  influence  of  anesthesia. 
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When  discussing  the  advantages  of  some  method  or  other  during  the  period  of 
preparing  for  and  performing  a  spaceflight,  one  must  proceed  primarily  from 
its  feasibility.  Under  laboratory  conditions,  it  is  desirable  to  use  the  most 
informative  methods,  primarily  the  intubation  one.  The  experience  of  researchers 
who  have  worked  in  this  field  has  shown  that  there  is  insignificant  depression 
of  respiration  under  relatively  shallow  anesthesia  [9].  The  mask  method,  in 
spite  of  the  noted  flaws,  is  simple  and  convenient  for  examination  of  a  large 
number  of  monkeys,  as  well  as  under  conditions  when  it  is  impossible  to  use 
stationary  equipment. 

By  virtue  of  the  specifics  of  self-contained  flights,  it  appears  promising  to 
use  modifications  of  the  closed  chamber  method,  which  permits  monitoring  the 
dynamics  of  gas  exchange  and  energy  metabolism  of  animals. 
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No  1,  Jan-Feb  85  (manuscript  received  18  Oct  83)  pp  83-84 

[Article  by  M.  G.  Tairbekov,  G.  P.  Parfenov,  K.  Zattler,  E.  Krantz,  L.  Wunsche, 

A.  Schlutting  and  G.  I.  Malysheva  (USSR,  GDR) ] 

[Text]  Investigation  of  structural  and  functional  distinctions  of  methane- 
assimilating  bacteria  in  weightlessness  is  of  interest  from  the  standpoint  of 
making  practical  use  of  them  in  a  biological  life-support  system  as  protein 
producers.  The  distinctive  feature  of  these  bacteria  is  the  structural  com¬ 
plexity  of  their  cytoplasmic  membranes,  which  is  directly  related  to  the 
cell's  ability  to  assimilate  methane  and  synthesize  protein. 

Methods 

Investigation  of  the  possible  effect  of  spaceflight  conditions  (primarily 
weightlessness)  was  the  main  objective  of  the  "Bacterial  Growth"  experiment, 
which  was  performed  together  with  GDR  specialists  aboard  Salyut-6  orbital 
station. 

Concurrently  with  the  main  experiment  in  weightlessness,  there  were  two  control 
experiments  on  the  ground:  at  the  Baykonur  spaceport  (USSR)  and  in  the  laboratory 
of  the  Institute  of  Technical  Chemistry  in  Leipzig  (GDR).  Both  the  main  and 
control  experiments  were  performed  with  use  of  the  Soviet  onboard  "microorganism 
cultivator"  (MC)  instrument.  This  instrument  consists  of  a  system  of  9  poly¬ 
ethylene  chambers  interconnected  in  series  with  plastic  tubing  equipped  with 
special  clamps  that  control  contact  between  the  chambers.  In  the  modified 
version  of  this  instrument,  which  was  used  in  our  experiment,  the  chambers 
were  divided  into  three  isolated  groups.  As  a  result,  it  was  possible  to  use 
three  different  strains  of  methane-assimilating  bacteria.  The  first  three 
chambers  in  each  group  served  as  containers  for  original  bacterial  culture. 

The  next  two  were  used  as  containers  filled  with  bacterial  culture  medium  during 
the  experiment.  All  of  the  chambers  in  all  3  groups  were  first  filled  with 
a  mixture  of  methane  and  oxygen  (40%  CH4:60%  02;  weight  9  mg  CH4  and  26  mg  02). 
All  nine  chambers  were  filled  with  nutrient  medium  and  the  first  chambers 
were  inoculated  with  bacteria  in  the  laboratory  under  sterile  conditions  with 
use  of  a  microsyringe.  In  the  course  of  the  experiment,  the  next  two  chambers 
were  connected  to  the  first  one  by  releasing  the  clamps. 


121 


We  selected  as  objectives  of  investigation  the  following  strains  of  methane- 
assimilating  bacteria  from  the  collection  of  the  Institute  of  Technica 
Chemistry: 


1.  Methylosinus  spec.  GB-21,  an  obligate  methane-assimilating  strain,  with 
serine  route  of  assimilation  of  C,,  compounds  and  concentric  arrangement  of 
cytoplasmic  membranes. 


2.  Methylobacterium  organophilum  MB-67 ,  a  facultative  methane-assimilating 
strain,  which  also  has  a  serine  route  of  assimilation  of  compounds,  but 
the  arrangement  of  intracellular  membranes  in  this  strain  is  not  typical  of 
methane-assimilating  bacteria.  Heretofore,  it  had  not  been  possible  to  culti 
vate  this  strain  on  methane  as  the  only  source  of  carbon  under  laboratory 
conditions.  Normal  growth  is  observed  only  when  methanol  and  methane  are  com 

bined  as  nutrients. 


3.  Methylomonas  methanica  AB3,  an  obligate  methane-assimilating  strain  with 
hexulose-phosphate  route  of  assimilation  of  Cj  compounds.  In  this  strain,  t  e 
cytoplasmic  membranes  are  arranged  in  stacks. 


All  3  instruments  (experimental  and  2  control)  were  sterilized  and  filled  with 
bacterial  suspension  in  a  concentration  of  7  mg /A  at  the  Institute  of  Technic 
Chemistry,  GDR  Academy  of  Sciences.  Two  instruments  were  delivered  to  the 
launching  pad  at  Baykonur  spaceport  in  a  container  at  a  temperature  o 
2  days  before  the  start  of  the  experiment.  On  the  same  day,  one  of  -he  ms 
ments  was  stowed  on  the  Soyuz-31  spacecraft,  while  the  other  was  left  on  the 
around  for  the  control  experiment.  From  that  time  to  the  start  of  the  active 
part  of  the  experiment  (42  h) ,  the  cultures  were  kept  at  a  temperature  of 
22±2°C .  The  experiment  aboard  Salyut-6  lasted  122  h  and  50  mm.  In  the . 
course  of  the  experiment,  the  GDR  cosmonaut,  Jaehn,  performed  the  following 
operations:  release  of  clamps  No  1,  4  and  7  to  provide  contact  between  the 
first  and  second  chambers  in  all  3  groups,  release  of  clamps  No  2,  5  and  8 
contact  between  the  second  and  third  chambers  in  all  3  groups.  The  control 
experiments  on  the  ground  (Baykonur,  USSR,  and  Leipzig,  GDR)  followed  the  same 
protocol  at  a  5-h  lag,  which  was  required  to  receive  information  from  the 
orbital  complex  about  performance  of  the  next  operation. 


Postflight  analysis  of  the  data  was  made  with  use  of  light  and  electron  micro 
scopy,  as  well  as  traditional  methods  for  counting  colonies  in  a  Petri  dish. 
Electron  microscope  analysis  was  made  using  the  method  in  [2]. 


Results  and  Discussion 

The  results  of  postflight  analysis  of  data  in  the  laboratory  revealed _ that 
growth  and  reproduction  of  the  two  obligate  methane-assimilating  strains,  namely 
Methylomonas  methanica  and  Methylosinus  spec.,  proceeded  normally  in  weightl 
ness  and  on  the  ground,  and  differed  from  one  another.  In  both  these  strains, 
the  bacterial  cells  in  the  third  chamber  corresponded  to  the  7th-8th  SenJ^ion 
from  the  start  of  the  active  experimental  phase.  As  an  example  let  us  indicate 
that  the  average  number  of  cells  per  m£  medium  for  strain  Methylomonas  methanica 
constituted  6.56*108  at  the  end  of  the  experiment  m  weightlessness,  6.82  1U 


122 


in  the  Baykonur  control  and  6.92*108  in  the  Leipzig  control.  Cell  increment 
for  this  strain  per  m£  medium  constituted  1.82*108,  2.08*108  and  2.18*108, 
respectively.  However,  analysis  of  the  facultative  strain  of  Methylobacterium 
organophilum  showed  very intensive  growth  in  the  experimental  variant,  which 
is  typical  of  obligate  strains,  whereas  growth  was  not  observed  in  the 
control  variant  with  this  strain. 


Ultrastructure  of  cells  of  methane-assimilating  strain  (60,000x 
magnification)  of  Methylomonas  methanica  in  experiment  (a)  and  control  (b) 


Electron  microscopy  failed  to  demonstrate  the  typical  arrangement  of  cyto¬ 
plasmic  membranes  in  the  obligate  strain  of  Methylobacterium  organophilum. 
Analysis  of  electronograms  of  the  other  two  strains  enabled  us  to  establish 
that  the  ultrastructural  organization  of  bacterial  cells  that  developed  in 
weightlessness  presented  no  deviations  from  normal  whatsoever  and  did  not 
differ  from  the  other  two  control  variants  (see  Figure). 

Judging  by  the  rate  of  cell  reproduction,  the  conversion  of  the  facultative 
strain  into  an  obligate  one  in  weightlessness  cannot  be  explained  at  the 
present  time.  As  for  the  physiological  and  genetic  characteristics  of  bac¬ 
terial  cells  in  weightlessness,  they  did  not  differ  from  normal.  These  find¬ 
ings  are  quite  consistent  with  the  results  of  previous  experiments,  which  are 
summarized  in  [1]. 

Thus,  the  results  of  these  studies  enabled  us  to  establish  that  x^eightlessness 
and  other  spaceflight  factors  have  no  appreciable  effect  on  growth,  reproduc¬ 
tion  and  ultrastructural  organization  of  cells  of  methane-assimilating 
bacteria. 
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[Article  by  0.  B.  Bernsbteyn] 

[Text]  Data  concerning  variations  in  flux  of  solar  x-radiation  are  needed  to 
assure  proper  operation  of  onboard  equipment  of  spacecraft.  Such  information 
is  required  to  predict  the  state  of  the  ionosphere,  identify  and  predict  the 
geoeffectiveness  of  interplanetary  shock  waves  from  solar  flares  [5],  identify 
[8]  and  predict  proton  bursts  and  the  radiation  situation  in  near-earth  space. 
Of  basic  interest  here  is  to  forecast  x-ray  solar  flares,  since  expressly 
they  elicit  the  most  significant  changes  in  flux. 

The  question  of  predicting  x-ray  bursts  has  been  discussed  in  several  works. 
Thus,  the  question  of  predicting  class  C  and  higher  flares  24  h  ahead  was 
answered  in  [7],  whereas  the  question  of  predicting  C,  M.  and  X  flares  in¬ 
active  regions  (AR)  was  discussed  in  [6].  The  authors  of  [6]  used  AR  charac¬ 
teristics  as  predictors.  Some  of  the  parameters  could  not  be  immediately 
predicted. 

Our  purpose  was  to  obtain  objective  criteria  for  predicting  class  M  and  X 
phenomena  on  the  basis  of  current  incoming  information.  Let  us  recall  that 
class  M  corresponds  to  flares  with  maximum  flux  of  radiation  from  10~2„  to 
9*10~2  ergxcm_2*s-1in  the  range  of  1-8  A,  and  class  X  to  flares  with  flux 
of  at  least  10  1  erg*cm  2«s  1 . 

The  objective  is  to  predict  class  M  and  higher  flares  in  a  given  AR  for  the 
next  day  according  to  characteristics  of  the  active  region.  We  used  only 
the  AR  characteristics  that  were  reported  daily  and  immediately  on  the 
routine  programs  of  the  sun  service  [9],  namely,  area  of  group  of  spots,  number 
of  spots  per  group,  magnetic  structure  of  group  and  prodrome  of  flare.  From 
these  characteristics  we  formed  10  parameters,  which  included  both  the  base 
data  and  their  derivatives.  Thus,  we  formed  a  10-component  vector  correspond¬ 
ing  to  each  situation. 

The  problem  was  solved  by  methods  of  pattern  recognition  using  a  modification 
of  the  Topol'  algorithm  [1],  In  this  algorithm,  it  is  necessary  to  express 
base  information  in  discrete  form,  i.e.,  each  coordinate  of  the  vector  can 
assume  only  a  fixed  number  of  values.  We  used  the  method  of  determining 
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extreme  breakdown  of  parameter  values  into  gradations.  The  procedure  consists 
of  the  following:  it  is  necessary  to  separate  parameter  values  in  such  a  way 
as  to  have  the  estimate  of  uncertainty  (entropy)  be  minimal  or  close  to 
minimal  when  making  classifications  with  this  parameter  [2].  Each  parameter  ^ 
is  first  separated  into  a  large  number  of  gradations  then,  by  "pasting  together 
adjacent  gradations,  we  obtain  minimization  of  entropy: 
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where  k  is  the  number  of  classes,  T  is  the  number  of  gradations  into  which 
parameter  x  is  divided,  Z(i)  is  the  number  of  vectors  of  the  ith  class,  mjU) 
is  the  number  of  vectors  of  the  ith  class,  in  which  the  value  of  parameter 
is  in  the  jth  range,  L  =  U(i)  is  length  of  the  sample.  Thus,  each  parameter 
was  divided  into  optimum  gradations. 

We  estimated  the  quality  of  the  solution  rule  according  to  the  Bayes  formula: 


P  (Hj.lAi) 
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where  PCH-Ha?)  is  probability  of  occurrence  of  an  event  of  the  jth  class 
provided  that  the  algorithm  refers  it  to  the  ith  class,  P(A^|Hj)  is  the  share, 
of  references  of  events  of  the  jth  class  to  the  ith  class  according  to  recogni¬ 
tion  test  .results,  P(H7')  is  the  a  priori  probability  of  . the  Jth  class.  With 
i  =  j,  we  obtain  the  a  posteriori  probabilities  of  precise  forecasts.  A 
forecast  provided  for  all  classes  can  be  considered  satisfactory: 


P  ( Hi/Ai )  >  P  (Hi). 


(3) 


Let  us  consider  that  of  the  two  solution  rules,  the  best  is  the  one  that 
provides  for  the  highest  value  of  Q  =  EPO^A^)  when  criterion  (3)  is  satis¬ 
fied.  We  shall  consider  the  most  informative  the  parameter,  exclusion  of 
which  from  learning  and  test  leads  to  maximum  worsening  of  recognition  quality 
(i.e.,  reduction  of  Q) .  We  shall  call  the  most  informative  parameter  of  the 
itb.  class  the  one,  exclusion  of  which  would  lead  to  reduction  of  P (A  •  | H^) ,  i. e. , 
the  share  of  correct  references  to  the  appropriate  class.  The  procedure  o 
successive  exclusion  of  parameters  is  repeated  for  several  variants  of  learning 
sequences.  The  estimate  of  comparative  informativeness  thus  obtained  has 
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the  sense  of  a  certain  average  characteristics  for  different  variants  of 
teaching  sequences. 

The  sample  was  formed  of  material  for  57  AR  observed  in  1979-1980.  In  all,  it 
contained  499  vectors.  The  vector  is  the  situation  in  a  given  AR  on  a  given 
day.  In  the  problem  in  question,  we  referred  to  the  first  class  the  vectors 
(days)  preceding  the  day  when  there  was  at  least  one  class  M  or  higher  flare  in 
the  AR.  Second-class  vectors  constituted  all  other  days  in  the  AR.  The 
sample  consisted  of  191  first-class  vectors  and  308  second-class  ones.  Since 
virtually  all  AR  (for  which  the  necessary  information  was  available)  were 
included  in  the  sample,  a  priori  probabilities  (with  5%  confidence  level) 
constituted  P(Hi)  =  0.38±0.04,  P(H2)  =  0.6210.04.  The  learning  sequence 
contained  70  vectors  of  each  class  and  the  test  sequent,  90. 

The  a  posteriori  probabilities  averaged  for  10  variants  of  learning  sequencies 
equal  PGh  | Ax)  =  0.56010.008,  P(H2  |A2)  =  0.77410.006,  (J  =  1.334+0.013.  These 
values  correspond  to  justifiability  of  -67%  (68%  correctly  recognized  1st- 
class  objects  and  67%  correctly  recognized  2d-class  ones).  Thus,  the  quality 
of  the  solving  rule  was  satisfactory  for  an  0.1%  level  of  significance. 

The  parameter  characterizing  change  (in  comparison  to  the  preceding  day)  in 
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the  ratio  of  area  to  number  of  spots  per  group,  A(— ),  is  the  most  informative. 

The  informativeness  of  parameter  Fx — number  of  flares  of  classes  M  and  X  on  the 
preceding  (in  relation  to  data  of  forecast)  day — is  also  high.  A  change  in 
quality  of  the  solving  rule  with  exclusion  of  the  other  parameters  is  statis- 
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tically  insignificant.  Parameter  A(— )  is  the  most  informative  for  the  2d 

class,  while  parameter  A(^j,  which  is  the  relative  change  in  number  of  spots 

per  group,  is  least  informative  for  the  1st  class.  Exclusion  of  the  other 
parameters  does  not  lead  to  statistically  significant  change  in  share  of 
correct  classification  of  objects. 

It  was  interesting  to  compare  the  quality  of  the  solving  rule  for  our  (formal) 
forecast  to  results  obtained  with  use  of  trivial  forecasting  methods.  When  all 
objects  are  classified  in  the  most  frequently  encountered  class  (climatological 
method)  we  obtain  zero  justification  for  the  1st  class;  justification  for  the 
2d  class  would  have  been  62%  and  overall,  62%. 

A  comparison  to  the  inertial  method  shows  that  the  formal  forecast  yields  better 
(with  1%  level  of  significance)  justification  for  the  1st  class  (53%  with  the 
inertial  method)  and  statistically  insignificant  worsening  for  the  2d  class 
(70%  with  inertial  forecasting).  Overall  justification  with  the  inertial 
method  is  -66%. 

Unfortunately  we  are  not  able  to  compare  the  quality  of  our  forecast  with  the 
ones  put  out  in  Boulder,  United  States  [3,  4].  Although  forecasts  are  made 
for  each  AR,  the  forecast  of  class  M  and  X  flares  is  reported  for  the  entire 
sun.  The  results  of  forecasting  the  behavior  of  individual  AR  have  not  been 
published. 

We  also  investigated  quality  of  the  solving  rule  as  a  function  of  time 
between  the  teaching  and  test  sequences.  Of  course,  forecasting  quality 
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changes  with  change  in  the  teaching  sequence,  but  this  difference  is  statis¬ 
tically  insignificant.  Thus,  it  can  be  maintained  that  the  degree  of 
chronological  closeness  of  teaching  and  test  materials,  within  a  2-year  limit 
(1979-1980)  has  an  insignificant  effect. 

There  are  quite  a  few  works,  in  which  it  is  stated  that  in  the  group  of  spots 
with  Zurich  class  E,  F  there  are  more  flares  than  in  groups  of  spots  of 
other  classes.  But  the  above-described  results  were  obtained  on  a  sample  that 
included  all  AR,  regardless  of  their  Zurich  classification.  Solving  rules  were 
also  obtained  separately  for  groups  of  class  E  and  F  spots  and  groups  of  spots 
of  all  other  classes.  The  quality  of  forecasting  for  the  groups  of  class  E,  F 
spots  and  groups  of  other  classes  of  spots  was  virtually  the  same.  We  did  not 
observe  any  differences  either  in  hierarchy  of  parameters.  For  this  reason, 
when  making  short-term  predictions  of  x-ray  flares,  it  is  not  expedient  to 
develop  solution  rules  separately  for  groups  of  class  E,  F  spots  and  for 
other  classes. 

Thus,  we  obtained  objective  criteria  for  predicting  class  M  and  X  flares.  Fore¬ 
casting  on  the  basis  of  objective  criteria  yields  rather  high  justification. 

The  fact  that  the  indicated  justification  is  achieved  when  forecasting  on  the 
basis  of  currently  received  information  is  indicative  of  the  desirability  of 
using  the  described  method  for  real-time  forecasting. 
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[Review  by  V.  I.  Kopanev  of  book,  "Izbrannyye  lektsii  po  aviatsionnoy 
meditsine"  (Selected  Lectures  on  Aviation  Medicine),  by  G.  L.  Komendantov, 

Moscow,  Meditsina,  1983,  304  pages] 

[Text]  The  selected  lectures  of  one  of  the  well-known  specialists  in  the 
field  of  aviation  medicine.  Prof  G.  L.  Komendantov,  contain  material  on 
theoretical  and  practical  bases  of  medical  support  of  flights  in  the  civil 
aviation.  This  is  the  first  time  such  lectures  have  been  published  in  our 
country.  The  book  consists  of  14  lectures  dealing  with  the  most  important 
and  difficult  questions  of  aviation  medicine  which  have  not  been  fully 
covered  in  existing  textbooks  of  this  discipline.  In  the  first  two  lectures, 
"Aviation  Medicine  as  a  Science"  and  "Theoretical  Questions  of  Aviation  Medicine," 
the  author  defines  the  subject,  tasks  and  methods  of  aviation  medicine,  and  he 
briefly  lists  the  teachings  that  constitute  the  foundation  of  all  medical 
science,  including  aviation  medicine.  After  reading  these  lectures,  the  reader 
gains  a  clearcut  idea  about  the  fact  that  aviation  medicine  is  part  of  general 
medical  science  and  all  its  patterns  correspond  to  the  basic  distinctions  and 
theses  of  general  physiology  and  medicine. 

The  next  two  lectures,  "Physiological  Bases  of  Work  Processes"  and  "Problem  of 
Fatigue,"  deal  with  the  characteristics  of  work  operations  and  movements.  We 
were  impressed  by  the  sections  of  the  lectures  concerning  stages  of  formation 
of  work  skills,  as  well  as  material  on  the  problem  of  fatigue.  The  author 
dwells  in  detail  on  questions  of  prevention  and  methods  of  quantitative 
evaluation  of  pilot  fatigue.  Having  described  the  approaches  to  evaluation  of 
fatigue  in  flight  personnel,  the  author  noted  the  advantages  of  the  method  of 
0.  P.  Yakovlev,  which  was  developed  in  the  department  that  he  heads.  This 
method  permits  accurate  and  good  evaluation  of  professional  work  capacity  of 
pilots,  its  stability,  autonomic  "cost"  of  simulated  performance.  The  next 
four  lectures — "Physiology  of  Analyzers,"  "Equilibrium  Function,"  "Physiological 
Bases  of  Spatial  Orientation"  and  "Spatial  Orientation  in  Flight" — are  inter¬ 
related  by  the  physiological  phenomena  they  have  in  common,  as  well  as  the 
fact  that  they  are  discussed  from  the  standpoint  of  functionally  systematic 
analyzer  function,  as  validated  by  I.  M.  Sechenov,  I.  P.  Pavlov,  P.  K. 

Anokhin,  I.  S.  Beritashvili  and  other  researchers.  The  author  demonstrates 
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convincingly  that  the  teaching  of  I.  P.  Pavlov  concerning  analyzers  is  part 
of  theory  of  central  nervous  system  functions  and  that  the  analyzers  have  a 
direct  bearing  on  function  of  the  afferent  part  of  all  reflex  reactions  in 
the  body.  According  to  the  lectures,  equilibrium  and  spatial  perception 
function  is  effected  by  the  same  functional  system  of  analyzer. 

Data  are  submitted  on  pathological  phenomena  that  are  observed  in  people  under 
the  effect  of  altered  mechanical  conditions  in  the  lectures  entitled  "Effect 
of  Changes  in  Atmospheric  Pressure  on  the  Body,"  "Barotrauma  of  the  Middle 
Ear  and  Sinuses,"  "Problem  of  Noise  in  Aviation  Medicine"  and  "Air  Sickness, 
Part  I  and  II."  As  we  know,  this  is  also  the  subject  of  aviation  medicine — 
special  pathological  states.  These  lectures  describe  altitude  meteorism, 
altitude  decompression  sickness,  altitude  tissue  emphysema,  barotrauma,  noise 
trauma,  air  sickness  and  other  diseases.  The  author  dwells  in  detail  on 
motion  sickness.  This  is  attributable  to  several  circumstances,  the  chief  one 
being  the  importance  of  this  problem  to  civil  aviation  (motion  sickness  among 
passengers  and,  less  often,  flight  personnel),  and  the  large  personal  contri¬ 
bution  to  the  study  of  this  problem  made  by  G.  L.  Komendantov  and  his  disciples 
The  last  lecture  (No  14)  deals  with  the  scientific  bases  of  special  functional 
diagnostication,  medical  expert  certification  of  flight  personnel.  The  subject 
of  this  section  is  investigation  of  latent  functional  insufficiencies  that  have 
an  adverse  effect  on  flight  work  capacity.  Special  functional  diagnostication 
provides  for  early  prevention  of  functional  disturbances  among  flight  personnel 
preserves  a  high  work  capacity  and,  consequently,  helps  solve  effectively 
problems  of  medical  support  of  flight  safety. 

As  a  rule,  each  lectures  begins  with  an  introduction  and  ends  with  a  brief 
conclusion,  in  which  the  basic  theses  of  the  lecture  are  formulated  in  the 
form  of  theses.  With  such  presentation  there  are,  of  course,  some  repetitions. 
But  this  is  justified,  since  the  book  is  intended  primarily  for  individuals 
studying  aviation  medicine  independently,  and  for  them  such  repetition  is 
simply  mandatory  for  solid  assimilation  of  the  material. 

Being  aware  of  the  fact  that  competence  must  always  be  combined  with  party 
mindedness,  G.  L.  Komendantov  briefly  lists  the  basic  theses  of  dialectical 
materialism  in  the  lectures:  principles  and  laws,  categories,  interrelated 
characteristics,  theory  of  reflection  and  cognition  (p  24),  and  he  demonstrates 
in  the  text  of  the  lectures  high  skill  in  using  these  categories  for  analysis 
of  concrete  materials. 

A  flaw  of  the  book  is  that  the  section  on  "Physiological  Bases  of  Aviation 
Medicine"  is  too  brief  (pp  16-21).  Evidently,  this  is  attributable  to  the 
small  size  of  the  book. 

"Selected  Lectures  on  Aviation  Medicine"  will,  no  doubt,  be  welcomed  with 
interest  by  both  specialists  and  individuals  interested  in  aviation  medicine, 
they  will  find  broad  use  in  educating  and  advanced  training  of  physicians. 
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FEASIBILITY  OF  DYNAMIC  EVALUATION  OF  PARAMETERS  OF  LUNG  VENTILATION  AND 
HEMODYNAMICS  USING  IMPEDANCE  PNEUMOGRAPHY 

[Synopsis  of  article  by  A.  M.  Rafikov] 

[Text]  Under  some  conditions,  one  should  use  the  electrophysiological 
indirect  method  of  impedance  pneumography  (IPG)  to  measure  parameters  of 
ventilation  and  hemodynamics  of  the  lungs;  it  permits  recording  a  single 
curve  of  fluctuations  of  electrical  impedance  of  the  chest.  This  curve 
consists  of  two  types  of  waves:  slower  ones,  which  correspond  to  individual 
respiratory  cycles,  and  superimposed,  faster  waves  of  pulsed  filling  of  the 
lungs  with  blood.  Respiratory  fluctuations  of  impedance  are  attributable 
to  change  in  gas  content  of  the  lungs  at  different  phases  of  the  respiratory 
cycle. 

By  analyzing  the  changes  in  these  two  components  of  IPG  one  can  make  a  good 
estimation  of  the  direction  and  extent  of  functional  changes  in  external 
respiration  and  pulmonary  hemodynamics,  as  well  as  relationship  between  them. 
The  distinction  of  the  proposed  method  is  that  both  these  parameters  are 
measured  simultaneously,  by  means  of  analysis  of  the  two  main  components, 
of  one  curve  of  impedance  fluctuations  plotted  during  spontaneous  breathing. 

During  the  breath-holding  test,  the  respiratory  component  disappears  and  only 
pulse  fluctuations  remain,  which  constitute  in  essence  the  sphygmogram  of 
central  pulse,  which  is  not  recorded  by  means  of  a  mechano-electric  converter, 
but  with  a  similar  conductometric  method.  With  our  method,  the  IPG  can  be 
recorded  on  a  multichannel  recorder  concurrently  with  other  parameters  (ECG, 
phonocardiogram,  etc.).  This  makes  it  possible  to  obtain  a  polycardiogram  and 
assess  myocardial  contractility  by  the  method  of  phase  analysis  of  the  cardiac 
cycle. 
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A  special  series  of  tests  involving  recording  the  IPG  and  concurrent  direct 
measurement  of  parameters  of  pulmonary  ventilation  by  means  of  a  turbine  res¬ 
pirometer  (volumeter)  revealed  that  changes  in  the  respiratory  component  on 
the  IPG  reflect  well  actual  changes  in  volumes  of  pulmonary  ventilation,  so 
that  this  amplitude  can  be  designated  as  the  respiratory  rheographic  volume. 

By  multiplying  this  parameter  by  respiration  rate,  also  measured  from  this 
tracing,  one  can  obtain  the  minute  rheographic  tidal  volume. 

There  is  the  potential  of  processing  IPG  data  by  means  of  computer  rather  than 
manually  for  separate  evaluation  and  expression  in  digital  or  symbolic  form 
of  both  components  and  their  dynamic  relationships.  The  fact  that  all  of 
these  parameters  are  recorded  on  the  IPG  via  one  channel,  in  the  form  of  a 
single  curve  that  is  to  be  submitted  to  analysis  by  means  of  the  appropriate 
algorithm,  is  a  convenience  and  advantage  of  our  method.  4  Illustrations, 

14  references. 


UDC:  577.3 

BIOLOGICAL  EFFECTIVENESS  OF  VARIABLE  MAGNETIC  FIELDS  IN  THE  RANGE  OF  0.01-100  HZ 

[Synopsis  of  article  by  V.  B.  Makeyev  and  N.  A.  Temur'yants] 

[Text]  A  study  was  made  of  biological  effectiveness  of  variable  magnetic 
fields  (VMF)  as  a  function  of  frequency  in  the  range  of  0.01-100  Hz. 

Experiments  were  conducted  in  a  shielded  chamber,  4x4x2. 3  m  in  size,  in  which 
there  was  attenuation  of  external  VMF  to  about  l/10th.  VMF  were  generated 
by  Helmholtz  rings,  which  provided  about  5%  homogeneity  of  the  field  in 
the  region  where  experimental  animals  were  situated.  The  vector  of  fluctua¬ 
tions  of  VMF  was  in  the  horizontal  plane  and  coincided  with  the  animals' 
longitudinal  axis.  We  tested  the  effect  of  4.1  A/m  VMF  with  exposure  for  3  h. 
The  control  group  of  animals  was  kept  in  another,  analogous  shielded 
chamber  during  the  experiment. 

We  tested  VMF  with  square-wave  pulses  of  different  polarity  at  the  following 
frequencies:  in  the  range  of  0.01-0.1  Hz  (at  0.01  Hz  intervals),  in  the  range 
of  0. 1-1.0  Hz  (0.1  Hz),  in  the  range  of  1-14  Hz  (1  Hz)  and  at  20,  26,  32,  44, 

55,  65,  75,  81  and  100  Hz. 

The  tests  were  repeated  2-3  times  at  each  frequency.  There  were  at  least  10 
animals  in  each  experimental  group.  We  used  a  total  of  1100  rats  furnished  by 
the  Rappolovo  Nursery  in  Leningrad  Oblast.  In  the  experiments,  we  used  male 
mongrel  rats  weighing  200-220  g.  Repeat  experiments  were  performed  on  male 
Wistar  rats. 

The  test  were  performed  at  the  same  time  of  day.  The  animals  were  decapitated 
immediately  after  exposure  to  VMF,  and  we  tested  blood  for  leukocyte  count, 
leukocyte  formula,  peroxidase  activity,  amount  of  nonenzymation  cation  proteins 
(CP)  in  peripheral  blood  neutrophils,  titer  of  complement,  amount  of  serum 
lysozyme  and  start  of  blood-clotting  time. 
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Statistical  analysis  was  performed  using  the  nonparametric  criterion  of  Van 
der  Varden,  Student's  criterion  and  multidimensional  discrimenant  analysis. 

The  results  of  these  studies  indicate  that  there  are  statistically  reliable 
changes  in  the  parameters  studied  under  the  effect  of  VMF  at  frequencies  of 
0.02,  0.06,  0.5-0. 6  and  8-11  Hz.  At  other  frequencies,  VMF  did  not  elicit 
statistically  reliable  changes  in  the  parameters  under  study. 

The  obtained  data  are  satisfactorily  in  agreement,  with  the  results  of  tests 
conducted  in  other  laboratories. 

VMF  of  the  indicated  frequencies  can  elicit  changes  in  different  directions  in 
the  experimental  animals.  Thus,  under  the  effect  of  0.02  Hz  VMF,  all  of  the 
parameters  characterizing  nonspecific  constitutional  resistance  increased,  but 
at  a  frequency  of  8  Hz  we  observed  the  opposite  changes,  i.e.,  nonspecific 
resistance  diminished. 

Thus,  in  the  range  of  0.01-100  Hz,  the  physiologically  active  frequencies  of 
VMF  are  0.02,  0.06,  5-6  and  8-11  Hz.  2  Illustrations,  13  references. 


UDC:  612.273+612.014.43 

HUMAN  TOLERANCE  TO  ACUTE  HYPOXIA  WHEN  EXPOSED  TO  HIGH  AND  LOW  TEMPERATURES 

[Synopsis  of  article  by  A.  Yu.  Katkov,  D.  A.  Sutkova,  P.  V.  Beloshitskiy , 

V.  A.  Baraboy,  T.  A.  Kirdeyeva  and  X.  I.  Bilyk] 

[Text]  A  study  was  made  of  human  tolerance  to  20-30  min  exposure  to  air 
temperatures  of  -15  and  +100°C  at  altitudes  of  2100  and  5600  m,  simulated 
in  a  pressure  and  heat  chamber,  on  a  total  of  30  subjects.  We  also  tested 
their  endurance  of  gradually  and  rapidly  increasing  hypoxia  with  rarefaction 
of  the  atmosphere  and  breathing  nitrogen  on  the  ground,  against  the  background 
of  1-h  exposure  to  a  comfortable  temperature,  with  air  temperature  fluctuations 
from  0  to  +5°C  and  from  +45  to  +50°C.  The  subjects  wore  only  slips  and  light¬ 
weight  shoes  in  the  thermal  pressure  chamber. 

At  different  levels  of  hypoxia,  air  temperatures  of  -15  and  +100°C  elicited  a 
moderate  stress  reaction  in  the  subjects.  In  all  cases,  with  the  exception  of 
heat  exposure  at  2100  m,  there  was  statistically  reliable  elevation  of  blood 
malonic  dialdehyde  (MDA)  immediately  after  the  extreme  exposures.  After  all 
exposures  to  extreme  factors  there  was  also  reliable  decrease  in  intensity 
of  spontaneous  chemiluminescence  (SCL) .  Blood  glucose  level  rose  insignifi¬ 
cantly.  As  a  result  of  thickening  of  blood  due  to  intensive  dehydration  in 
a  rarefied  atmosphere  at  5600  m,  particularly  at  ambient  temperature  of  +100°C, 
we  demonstrated  a  reliable  increase  in  blood  protein  content. 

The  increase  in  hypoxia  over  the.  tested  range  did  not  have  a  noticeable  effect 
on  body  temperature  when  cooled.  In  the  30  min  of  exposure  to  ambient 
temperature  of  -15°C,  rectal  temperature  dropped  by  0.6-0.8°C  while  skin 
temperature  of  the  arm  dropped  by  2,2-4.1°C.  Exposure  to  +100°C  temperature 
was  tolerated  subjectively  better  in  all  cases  at  an  altitude  of  5600  m  than 
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2100  m,  which  can  be  attributed  to  increased  heat  transfer  by  means  of  evapora¬ 
tion,  as  well  as  decreased  heat  production  due  to  hypoxia.  In  20  min  of  expo¬ 
sure  to  100°C,  rectal  temperature  rose  by  1.7-2.0°C  and  skin  temperature,  by 
5. 0-5. 3°C.  At  2100  m  altitude,  pulsed  arterial  pressure  rose  mainly  due  to 
elevation  of  systolic  and  at  5600  m,  due  to  decline  of  diastolic  pressure. 

At  ambient  temperature  of  5-0°C  and  with  rapidly  increasing  hypoxia,  we  demon¬ 
strated  reliable  decline  of  "ceiling"  as  compared  to  comfortable  temperature 
(due  to  increased  oxygen  uptake  induced  by  muscular  tremor  because  of  the  cold) . 
Tolerance  to  gradually  increasing  hypoxia  presented  virtually  no  change  in  the 
cold.  This  functional  test,  as  in  the  case  of  comfortable  temperature,  was 
associated  with  decline  of  rectal  temperature  by  a  mean  of  0.4-0. 5°C.  When 
breathing  nitrogen  against  the  background  of  40-45-min  exposure  to  cold,  we 
observed  only  a  tendency  toward  reduction  of  "spare  time." 

High  air  temperature  in  the  case  of  increasing  hypoxia  was  subjectively 
tolerated  better  than  on  the  ground.  In  40-45  min  of  exposure  to  high  air 
temperature  on  the  ground,  rectal  temperature  reliable  rose  by  0.3°C,  whereas 
with  gradually  increasing  hypoxia  it  remained  unchanged  on  the  average.  The 
"ceiling"  at  high  ambient  temperature  showed  virtually  no  difference  from 
its  level  at  a  comfortable  temperature. 

Thus,  it  was  established  that  moderate  hypoxia,  in  the  tested  range,  does  not 
aggravate  the  transient  effect  on  man  of  high  and  low  temperatures.  Human 
tolerance  to  extreme  levels  of  hypoxia  was  notable  for  high  stability  at  the 
tested  ambient  temperature  fluctuations.  2  Tables,  12  references. 

UDC:  612.825.4+612.014.41 

EFFECT  OF  VOLUNTARY  CONTROL  OF  RESPIRATION  ON  ELECTRICAL  ACTIVITY  OF  THE 
HUMAN  BRAIN  DURING  ADAPTATION  TO  ACUTE  HYPOXIC  HYPOXIA 

[Synopsis  of  article  by  Ye.  P.  Gora] 

[Text]  A  study  was  made  of  the  mechanisms  of  influence  of  voluntary  control 
of  breathing  on  the  functional  state  of  the  central  nervous  system  (CNS) ,  in 
particular,  on  electrical  activity  of  the  human  brain  (feedback),  at  the  early 
stage  of  adaptation  to  hypoxic  hypoxia  during  performance  of  respiratory 
tests  for  voluntary  hyperventilation  and  voluntary  breath-holding  at  an 
"altitude"  of  5000  m. 

We  conducted  breathing  tests — voluntary  breath-holding  (Stange  test)  and  volun¬ 
tary  2 -min  ungraded  hyperventilation — on  22  men  under  normal  conditions  and 
while  breathing  with  a  gas  mixture  containing  10.5%  O2.  During  the  test  we 
recorded  the  pneumogram  (PG) ,  electrocardiogram  (ECG)  and  electroencephalo¬ 
gram  (EEG) . 

It  was  found  that  different  modes  of  controlled  breathing  (hyperventilation 
and  breath-holding)  at  an  altitude  lead  to  corresponding  sets  of  functional 
changes  in  the  respiratory  system,  cardiovascxilar  system  and  CNS;  this  is 
reflected  in  an  integrated  way  by  bioelectrical  activity  of  the  brain.. 
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The  EEG  changes,  which  were  associated  with  voluntary  hyperventilation  tinder 
hypoxic  conditions,  were  less  marked  than  under  normal  conditions,  in  spite 
of  the  fact  that  the  ventilation  level  was  5-10%  higher. 

The  EEG  changes  that  appear  during  hyperventilation  are  usually  attributed  to 
the  influence  of  hypocapnia  on  reticular  structures,  on  the  one  hand,  and 
to  hypoxia  of  the  brain  due  to  increased  tonus  of  cerebral  vessels,  on  the 
other. 

In  the  case  of  exposure  to  acute  hypxia,  the  reaction  of  bioelectrical  activity 
of  the  brain  to  voluntary  hyperventilation  is  most  probably  due  to  the  fact  that, 
at  the  early  stage  of  adaptation  to  acute  hypoxia  there  is  activation  of  the 
reticular  formation  of  the  brain  stem  and  structures  above  the  pons  under  the 
influence  of  the  adrenosympathetic  system.  In  addition,  the  oxygen  deficiency 
apparently  prevents,  to  some  extent,  increase  in  tonus  of  cerebral  vessels, 
which  occurs  under  the  influence  of  hypocapnia. 

It  was  established  that  with  acute  hypoxia  breath-holding  leads  to  enhancement 
of  the  hypoxic  effect  on  the  body,  as  can  be  seen  from  the  more  intensive 
EEG  changes  in  a  number  of  subjects.  In  addition,  it  is  instrumental  in 
enhancing  subcortical  (from  the  respiratory  center)  influences  on  the  cerebral 
cortex.  In  some  cases,  this  leads  to  manifestation  of  respiratory  rhythms 
in  the  action  currents  of  the  cortex. 

It  is  assumed  that  the  dissimilar  manifestation  of  changes  in  different  people 
is  indicative  of  differences  in  adaptation  mechanisms.  The  latter  must  be 
taken  into  consideration  when  selecting  a  specific  mode  of  voluntary  control 
of  breathing  for  the  purpose  of  improving  effectiveness  of  adaptation  to 
altitude  hypoxia.  1  Table,  12  references. 


UDC:  629.78:612.766.1.014.482 

USE  OF  PHYSICAL  WORK  CAPACITY  TEST  IN  RADIOBIOLOGICAL  EXPERIMENTS 
[Synopsis  of  article  by  N.  I.  Arlashchenko] 

[Text]  Work  capacity  is  an  integral  indicator  of  the  body's  functional  state, 
Investigation  of  functional  activity  of  the  adrenal  cortex  during  physical 
loads  revealed  that  moderate  muscular  loads  lead  to  activation  of  the 
hypothalamus-hypophysis-adrenal  cortex  system,  while  excessive  ones  cause  its 
depletion.  In  turn,  physical  work  capacity  depends  on  the  state  of  the 
adrenal  cortex.  On  the  other  hand,  it  was  shown  that,  after  acute  exposure 
to  radiation  in  lethal  doses  there  is  depletion  of  the  adrenal  cortex  at  the 
height  of  radiation  sickness.  Adrenalectomy  leads  to  diminished  animal 
resistance  to  radiation.  Excessive  exercise  (daily  swimming  after  exposure 
of  animals  to  radiation)  accelerates  2-4-fold  and  increases  the  death  rate 
among  experimental  animals,  as  compared  to  the  irradiated  control.  Thus, 
functionaJ  impairment  of  the  endocrine  system  should  apparently  be  considered 
one  of  the  chief  causes  of  change  in  physical  endurance  in  the  presence  of 
radiation  sickness.  Most  probably,  the  decrease  in  physical  endurance. 
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which  is  the  most  distinct  at  the  height  of  radiation  sickness,  is  caused 
by  the  fact  that  physical  exercise,  which  requires  a  certain  level  of 
activity  of  the  adrenohypophyseal  system,  cannot  be  performed  after  exposure 
to  ionizing  radiation  due  to  depletion  of  the  required  reserves  of  this 
system.  The  body's  response  to  radiation  and  exhausting  physical  exercise 
is  based  on  the  same  physiological  mechanism  of  the  general  adaptation  reaction 
to  extreme  (stressor)  stimuli.  Physical  endurance  can  serve  as  a  reliable 
criterion  for  evaluating  the  functional  state  of  an  irradiated  organism. 

Its  characteristics  can  also  be  used  to  test  in  radiobiological  experiments 
the  effects  of  various  agents  that  enhance  radioresistance.  In  addition, 
physical  loads  can  be  used  as  tests  for  studying  questions  of  forecasting 
resistance  to  ionizing  radiation.  53  References. 


UDC :  612.13.014.477-063 

REGIONAL  CIRCULATORY  CHANGES  IN  THE  PRESENCE  OF  ACUTE  HYPOXIC  HYPOXIA 

[Synopsis  of  article  by  0.  A.  Kovalev,  V.  L.  Larin,  V.  I.  Severovostokova, 

S.  K.  Sheremetevskaya,  K.  F.  Korovin  and  0.  N.  Nepochatov] 

[Text]  Experiments  were  conducted  on  nonanesthetized,  noninbred  male  white 
rats  weighing  180-210  g,  with  catheters  implanted  in  the  external  jugular 
vein.  Hypoxic  hypoxia  was  produced  by  placing  the  animals  in  a  sealed  chamber 
for  30  min,  which  was  ventilated  with  a  gas  mixture  of  10.5%  02  +  89.5%  N2, 
or  3.5%  02  +  96.5%  N2.  To  assess  regional  changes  in  resistive  and  capillary 
parts  of  the  vascular  system,  we  used  a  method,  according  to  which  the 
animals  were  given  intravenous  injections  of  86Rb  then,  60  s  after  cardiac 
arrest,  we  isolated  their  organs  and  tissues  with  dissecting  instruments 
and  recorded  their  radioactivity.  We  studied  changes  in  catecholamine  content- 
epinephrine  (E)  and  norepinephrine  (NE)  in  blood  plasma  and  tissues  of  several 
organs  by  the  spectrof luorimetric  method.  Moderate  hypoxia  was  associated  with 
substantial  decrease  in  uptake  of  86Rb  in  thoracic  organs  (myocardium,  lungs), 
some  organs  of  the  abdominal  cavity  (stomach,  pancreas,  large  intestine, 
kidneys,  adrenals),  as  well  as  skin  of  the  hind  legs.  Uptake  of  Rb  increased 
in  the  brain,  liver,  small  intestine,  as  well  as  extensive  areas  of  muscular 
and  bone  tissues  of  the  neck,  chest,  posterior  extremities  and,  to  a  lesser 
extent,  abdomen  and  pelvis,  skin  of  the  neck,  chest  and  forelegs. 

With  a  severe  degree  of  hypoxia,  uptake  of  86Rb  decreased  in  several  abdominal 
organs  (small  and  large  intestine,  stomach,  pancreas,  kidneys,  spleen),  as 
well  as  skin  of  virtually  all  parts  of  the  body  (only  in  the  skin  of  the 
neck  did  the  decrease  fail  to  reach  a  level  of  statistical  significance).  The 
increase  in  86Rb  uptake  in  the  presence  of  severe  hypoxia  was  observed  in  the 
brain,  myocardium,  muscles  and  bones  of  the  chest,  abdomen  and  pelvis. 

E  and  NE  concentration  in  the  presence  of  moderate  hypoxia  decreased  in  blood 
and  increased  in  the  adrenals;  at  the  same  time  we  demonstrated  an  increase 
in  NE  content  of  the  hypothalamus,  myocardium,  liver  and  gastrocnemius.  With 
severe  hypoxia,  plasma  E  concentration  did  not  differ  reliably  from  the 
control,  whereas  NE  exceeded  it.  Catecholamine  level  of  the  adrenals  and 
hypothalamus  also  failed  to  differ  from  the  control.  2  Tables,  10  references. 
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